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ABSTRACT 
EVALUATION OF ORGANIC TURFGRASS MANAGEMENT AND ITS 
ENVIRONMENTAL IMPACT BY DISSOLVED ORGANIC MATTER 
February 2005 
KUN LI, B.A., CHINA AGRICULTURAL UNIVERSITY 
M.A., UNIVERSITY OF MASSACHUSETTS AMHERST 
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor William A. Torello 
Incorporation of organic fertilizers/amendments on turfgrass management has 
been, and continues to be, a popular strategy of integrated pest management (IPM) 
program to reduce environmental impacts by pesticide and nitrate leaching. Most of the 
research on organic fertilizers for the turfgrass industry has focused upon disease 
suppression, improving soil physical, chemical and biological properties, and the fertility 
effect on high-cut turfgrass. However, little information has been reported on the 
response of highly maintained golf turfgrass, such as common on golf courses. The 
current research studied the effects of organic fertilizer as a sole source on turfgrass 
performance on highly maintained golf turf and its short-term effects on total soil 
microbial dynamics on different soil profiles. In addition, environmental impact by 
organic fertilizer derived dissolved organic matter (DOM) on pesticide sorption and 
transport in soil was also investigated. 
Four natural organic fertilizers were evaluated in this study which includes 
Milorganite (6-2-0), NatureSafe (8-3-5) and SoylMicrobial (F as flowable and G as 
granular, 14-1-1) and one synthetic organic fertilizer Scotts (29-3-4). In soil microbial 
VI 
dynamics study, application of all natural organic fertilizers increased soil bacterial 
populations within 4 days after fertilizer treatment (DAT) while little or no effect with the 
synthetic organic fertilizer was observed on all three soil profiles for the growth chamber 
experiment. Similar results were observed for the 2 year field trials, however, only the 
SoylMicrobial (F) fertilizer treatment increased total bacterial populations at 2nd and 4th 
DAT. 
In turfgrass response under organic fertilizer application experiment, weekly 
applications increased clipping an average of 43% compared with bi-weekly applications. 
Overall, native soils provided higher clipping yields than USGA sand and mixed soil 
profiles. SoylMicrobial provided sufficient N for acceptable turfgrass growth and 
Milorganite was ineffective as a sole turfgrass fertilizer. These results suggested that 
selected natural organic fertilizers can be used as a sole source for turfgrass fertility and 
the application rates and frequencies need to be adjusted for the different soil profiles. 
Batch equilibrium techniques were used to evaluate relative effects of organic 
fertilizer-derived DOM on sorption transport of three organic chemicals (2,4-D, 
naphthalene and chlorpyrifos) in soils. Sorption capacity was significantly reduced with 
additional DOM in solution for all three chemicals. The higher the concentration of DOC 
in solution, the more sorption was reduced. Column experiment results were consistent 
with batch equilibrium results suggesting that organic fertilizer-derived DOM might lead 
to enhanced transport of applied chemicals in soil. Results also suggested that organic 
fertilizers should not be applied on turf directly after pesticide application, which would 
reduce the impact of organic fertilizer - DOM facilitated transport of applied pesticides. 
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 
Introduction 
It is well established that improper usage of fertilizers and pesticides can have 
negative environmental impacts with regard to ground water purity. Agricultural 
endeavors, including the maintenance of golf courses, athletic fields, home lawns and 
parks, can be prime sources of potential water pollution, especially in view of the fact 
that the popularity of golf has resulted in a high rate of course construction and 
renovation over the past 10 years. Since high quality turfgrass areas can be intensively 
managed within urban landscapes, and that up to 93% of the total water resources in the 
U.S. are groundwater (Van der Leeden et al., 1990), the potential for groundwater 
contamination from these sources remain high. Environmental and agricultural research 
over the past 15 years has been and continues to be extremely intense and has resulted in 
the reduction and elimination of potentially harmful fertilizer and pesticide applications 
as well as the development of environmentally friendly approaches such as Integrated 
Pest Management (IPM). It is, however, clear that chemical pesticides and synthetic 
fertilizers will continue to remain major tools in turfgrass management for the foreseeable 
future in view of the fact that about 30,000 tons of pesticidal active ingredients are 
applied to turf annually (Petrovic and Larsson-Kovach, 1996). 
Since the early 1980s, the Environmental Protection Agency (EPA) and 
professional golf groups such as the United States Golf Association (USGA) and Golf 
Course Superintendents Association of American (GCSAA) have funded major research 
programs to develop best management practices (BMP) for the reduction and/or 
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elimination of pesticides and overapplication of fertilizers. These projects have resulted 
in the development of extensive EPM programs that are continually being modified as 
research results become available. IPM programs have been instrumental in the 
development of turfgrass having increased natural pest resistance, lower requirements for 
water and mineral nutrients, the development of “alternative” turf-type grasses and 
biological control of turfgrass pests. The organic approach to management is one of most 
important components to an IPM program. Even totally “organic” management practices 
are now being implemented some areas (e.g. Long Island, NY and Martha’s Vineyard, 
MA). Organic golf maintenance is still a goal that eludes the turfgrass industry due to the 
extent of biological pest problems as well as the level of turfgrass quality and 
characteristics that the golfing public expects. Incorporation of organic matter is 
doubtless better for soil ecosystems resulting in increased nutrient supply, increased 
microbial activity, disease resistance and soil quality along with a reduce thatch layer and 
low leaching. However, dissolved organic matter (DOM) produced by organic fertilizers 
has been shown to reduce sorption of certain pesticides by soil (Lee et al., 1989; Barriuso 
et al., 1992; Businelli, 1997; Celis et al., 1998; Cox et al., 2000). This decrease in 
sorption could enhance transport and increase the risk of groundwater contamination. 
Therefore, justification of the beneficial and detrimental effects of organic amendments 
and proper use of these materials on turfgrass management will become a focal point of 
research. 
Literature Review 
Since the first golf course was built in Scotland in 1414, golf has become a very 
popular international sport. In the United States alone, there are over 17,108 golf courses 
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and an average of more than one golf course opening every day (524 new courses 
opened, 707 golf courses under construction and 1,049 golf courses in planning in 2000) 
(National Golf Foundation, 2000). The management strategies of golf courses have been 
dramatically changed by the help of high technology, slow-release fertilizers and a 
myriad of pest control chemicals. Classical plant breeding and genetic engineering have 
resulted in some disease or insect resistant turfgrass varieties, however, the demands and 
expectations of golfers, members and owners have forced golf course superintendents to 
manage turf in a manner that is detrimental to overall plant health. Practices such as 
extremely low mowing heights and rolling of turf to maintain high green speeds as well 
as increasing amounts of foot traffic on courses have made golf superintendents more 
prone to increasing usage of fertilizers and pesticides. 
In the early stage of turfgrass science, turfgrasses were cultivated organically 
(Mascaro, 1991). Composted natural materials were used as topdressings, natural manure 
and plant extracts were used to improve turf quality and control turf pests. Since the early 
1940s, pesticidal chemicals were introduced to control pests and most research was 
focused on the effectiveness of such chemicals. Pesticides were considered as “silver 
bullets” to control all pest problems. This led to less effort being expended on non¬ 
chemical approaches for this “new” generation of superintendents and scientists. Another 
major improvement for turf management was the development of new turf machines to 
mechanically control grain, thatch, compaction, renovation, aerification and mowing. 
Amendments with sand were also being used in the construction of golf greens in 1970s 
and 1980s to decrease the compaction problem. However, these practices could not 
maintain an adequate turf root system and soil microorganism populations could not be. 
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The use of chemical control agents has increased, further reducing soil biological health. 
Furthermore, there remains strong public concern about human exposure to pesticides via 
air (volatilization), drinking water contamination and the impacts of fertilizers and 
pesticides on plant and animal ecosystems. A major question that the Unite States Golf 
Association (USGA) has addressed is “What is the fate of these chemicals in golf turf?” 
Over 13 years of research from 12 universities has shown that there is no significant 
environmental impact with the application of fertilizers and pesticides on golf courses 
using proper management procedures (Kenna and Snow, 2000). They also stated at the 
end of the overview that “the USGA, and the game of golf, need to keep asking questions 
and looking for new ways to maintain golf course grasses. More important, efforts should 
be increased to educate the golfer about environmental issues”. Turfgrass is, no doubt, a 
benefit to other ecosystems, yet when improperly management can have the potential to 
cause harm as well. Improper management of the turfgrass ecosystem can increase nitrate 
and pesticides levels in surface and groundwater, and cause major problems in aquatic 
ecosystems such as alga blooms, decreased dissolved oxygen levels, and eutrophication. 
With rapidly increasing public and government concern, development of alternative 
control strategies have become a primary objective. 
Disadvantages of Traditional Turfgrass Management 
Golf courses require daily management to maintain a satisfactory playing surface 
and aesthetically pleasing turf. It is also the responsibility of superintendents to minimize 
pest problems such as weeds, insects, nematodes and diseases, thereby maintaining an 
overall healthy and functional turf. Due to intensive foot traffic / wear stress and clipping 
removal, within predominantly sandy soil conditions, golf course superintendents are 
4 
forced to abandon some sound agronomic practices and increase fertilizer, water, and 
pesticide input to maintain the turf to the player’s satisfaction. As such, soil structure 
within the turf ecosystem is decreased leading to even further usage of chemicals, water 
and fertilizers. 
Environmental Impact 
Synthetic nitrogen fertilizers were introduced in the 1940s and have substituted 
organic nitrogen sources as a dominant source for turfgrass fertilizer management. 
Environmental impacts of fertilization have been increased loading of nitrate and P043+ 
in surface and groundwater through runoff and leaching. Leaching is affected by soil 
type, fertilizer type, application rate, time of application and irrigation (Petrovic, 1990). 
Generally, the more sand content in soil profiles, and increased water solubility of 
fertilizers along with more water movement in the soil profile, the more chance for 
leaching. Brown et al. (1982) studied the effect of soil texture and N source on N 
leaching from USGA specification greens (10 years old) of bermudagrass. With root zone 
mixtures containing greater than 80% sand, leaching losses were 22% from NH4NO3, 9% 
from activated sewage sludge, and < 2% from ureaformaldehyde or D3DU (Isobutylidene 
diurea). Thus, increasing solubility of the N source and increasing sand content in soil 
profiles lead to more leaching of N. The solubility and total N content of synthetic 
fertilizers are typically much higher than organic fertilizer sources and are used to highly 
regulate or “spoon-feed” putting green turf resulting in a quick and controlled turf 
response. The potential of environmental impact by fertilizer runoff and leaching also 
increase with these practices as well as reducing overall soil structure if application are 
not carefully planned. 
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Synthetic pesticides were introduced to control most pests in the 1940s and 
pesticides were and still are widely used in golf course management. Traditional 
management strategies apply pesticides on a preventative basis, which results in the use 
of more chemicals than are actually necessary. Since most pesticides used in pest control 
are broad-spectrum pesticides, many problems have arisen from the repeated and 
prolonged use of such chemicals, which includes environmental impacts by pesticides 
runoff and leaching, the development of pesticide-resistant pathogens, and deleterious 
effect to non-target organisms. 
Several review papers outline the fate of pesticides applied to golf courses 
(Cohen, 1990; Petrovic, 1995; Kenna and Snow, 2000). There are a number of interacting 
processes that influence the fate of pesticides applied to golf course turf such as 
volatilization, sorption, plant uptake, degradation, runoff and leaching. Each process is 
controlled by the properties of pesticide (e.g. solubility, adsorption potential and 
persistence), environmental conditions (e.g. temperature, precipitation, soil type and soil 
properties), and cultural practices (e.g. time of application, irrigation, application rate and 
drainage) (Walker, 1990; Turgeon, 1985; Arnold and Briggs, 1990; Cheng and Koskinen, 
1986; and Helling and Gish, 1986). There are basically two major processes that can 
affect the level of pesticides available for leaching and transport: retention and 
transformation. The retention process (such as adsorption) does not actually decrease the 
amount of the pesticides in the environment, but does reduce the amount available for 
leaching; transformation processes (such as biodegradation) can decrease and completely 
eliminate the amount of pesticide in a soil (Cheng and Koskinen, 1986). Any factors that 
relate to these two processes will affect the movement and leaching potential of applied 
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pesticides. Since 1960, the USGA Green Section has developed and published the 
Specification for a Method of Putting Green Construction, which was revised in 1993 
(USGA Green Section, 1993) and currently used throughout the world. The composition 
of the root zone mix has a high sand content, low cation exchange capacity (CEC), high 
infiltration/percolation rate and very low organic mater content which is extremely prone 
to pesticide and fertilizer movements, and the inability to sustain microbial populations. 
Deubert (1990) reported that as low as 1 to 1.5% soil organic matter (SOM) content in 
soil might significantly reduce pesticide movement. 
The Turfgrass Ecosystem 
The turfgrass ecosystem consists of plants, soil, and living organisms. Pests, 
beneficial microorganisms and invertebrates form a complex community that interacts 
with the living turf, while thatch and soil substrates contributes to the stability of the 
turfgrass system. 
Pesticides and fertilizers may have profound effects on the structure and stability 
of turfgrass ecosystem. Since some pesticides kill beneficial organisms as well as pests 
their use may increase the risk of pest resurgence or secondary pest outbreaks. It is 
noteworthy that excessive thatch accumulation and outbreaks of insects and disease 
rarely occur in turfgrass under minimal maintenance conditions (Schumann, et al., 2000). 
This implies that low-maintenance turf is a relatively stable habitat in which thatch 
accumulation is balanced by its more rapid decomposition and in which pests are held in 
check by competition, predators, parasites, or natural plant resistance. Pesticides and 
fertilizers can also affect energy flow, organic matter decomposition, and nutrient 
recycling by altering primary production or through their impact on soil organisms. For 
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example, thatch results from an imbalance between production and decomposition of 
organic material at the soil surface. Excessive fertilization encourages accumulation of 
thatch by increasing vegetative production, and may indirectly contribute to the problem 
by inhibiting the decomposition processes. Nitrogen fertilization commonly results in soil 
acidification, which may inhibit microbial activities (Martin and Beard, 1975) and the use 
of pesticides can also contribute to thatch development by directly decreasing microbial 
populations and/or reduction in soil pH, which can in turn inhibit activities of 
microorganisms important to thatch decomposition (Smiley and Fowler, 1986). The same 
results were reported for earthworm populations that contribute to thatch decomposition 
(Potter, 1993). Problems with excessive thatch include reduced water infiltration, shallow 
root growth with increased susceptibility to heat and drought stress as well as restricting 
pesticide and fertilizer penetration and movement into soils. Increase thatch levels are 
also correlated with increased insect and disease incidence. 
Soil microorganisms play an important role on nutrient cycling, decomposition of 
organic matter and degradation of chemicals. The soil microbial community can be 
affected by chemical usage and the effects of chemicals on microbial population are 
mixed (Kenna and Snow, 2000). Synthetic fertilizers and pesticides can both be good 
carbon and nutrient sources for soil microorganisms and populations could be enhanced 
or at least unaffected by using some chemicals. Fauci and Dick (1994) studied the effect 
of soil microbial dynamics on long-term and short-term inorganic and organic inputs in 
crop soil and found that long-term inorganic N applications decreased organic matter and 
biological activity, whereas there were limited effects on soil enzyme activity and soil 
microbial biomass under short-term inorganic N applications. Das and Mukherjee (2000) 
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studied the influences of four insecticide (viz. HCH, phorate, carbofuran and fenvalerate) 
on microorganisms and found that species of Bacillus, Micrococcus and Aspergillus were 
not affected by most of the insecticides, and that some of the insecticides stimulated the 
growth and development species of Bacillus, Proteus, Corynebacterium, Streptomyces, 
Fusarium, Trichodermma and Rhizopus. However, some insecticides caused a deleterious 
effect on some species of microorganisms, such as Pseudomonas, Staphylococcus, 
Nocardia, Micromonospora, Aspergillus and Rhizopus. Total bacteria and actinomycetes 
populations were increased in soil treated with two pesticides (braminal and selecron) at 
field application rates but inhibited at high levels, however, the total number of 
cellulolytic fungi and most fungal species were decreased (Omar and Abdel-Sater, 2001). 
There is a great deal of variability in the toxicity of even a single pesticide among 
microbial species. DeLorenzo et al. (2001) reviewed the toxicity of pesticides to aquatic 
microorganisms and concluded that mechanisms of toxicity vary, depending on the type 
of pesticide and the microbial species exposed. 
Broad-spectrum insecticides that are applied for control turfgrass insect pests are 
also toxic to predaceous and parasitic arthropods. Cockfield and Potter (1983) reported 
that a single surface application of chlorpyrifos reduced population of spiders, staphylinid 
beetle and predatory mites for at least 5 to 6 weeks on Kentucky bluegrass. Similar 
results were found by Vavrek and Niemczyk (1990) that application of isofenphos 
reduced the population of non-oribatid Acari, Collemola, Diplopoda, Diplura and 
Staphylinidae in home lawn for as long as 34 weeks. 
From the above review it is obvious that traditional turfgrass management has 
potential environmental impact which can result in a negative impact on the turfgrass 
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ecosystem. The comprehensive overview of the USGA Turfgrass and Environmental 
Research Program by Kenna and Snow (2000) based on 20 years research conducted by 
over 12 university research concludes “university research shows that most pesticides 
used on golf courses have a negligible effect on the environment”. The word “negligible” 
is used because we did find pesticides and fertilizers in runoff or leachate collected from 
research plots. However, under most conditions, the small amount collected (parts per 
billion) were found at levels well below the health and safety standards established by 
EPA.”A recent study by Johnston et al. (2001) on a floating putting green under golf 
course play and management in Idaho reported that nitrate in leachate was below 3.1 mg 
I’1 and well below the EPA limit of 10 mg l'1. But a total 11% of applied nitrogen was 
found in leachate over three-year period study. Research from Canada in assessing the 
nitrogen pollution influence on amphibians in the Great Lakes region showed that 19.8% 
of 8,545 water quality samples collected in areas surrounding the Great Lakes were found 
to have concentration that cause sublethal effects in amphibian and nitrate levels as low 
as 2.5 mg l*1 have been shown to affect amphibians (Rouse et al., 1999). It is clear that we 
need to modify traditional turfgrass management techniques with regard to environmental 
impact. 
Organic Turfgrass Management 
“Organic Golf’, a cutting edge cooperative project, was first launched by a group 
in Long Island, NY, 1998. The goal of this project was to improve environmental 
practices on Long Island’s golf courses and to prove that golf courses can be maintained 
organically, thereby demonstrating that turf can be maintained without chemical 
pesticides. This program was launched due to disagreements between turf managers. 
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landscapers and environmental activists/naturalists about a link between pesticides and 
breast cancer in Suffolk County, Long Island, NY The county legislature mandated that 
the use of such chemicals on all county-owned golf courses and parks should be reduced 
and possibly even eliminated by 1997. In 2000, a lawsuit by Neighborhood Network 
against Suffolk County was successful and resulted in a settlement to build two 
organically maintained golf courses in Yaphank, NY. There is more information 
available on Long Island Neighborhood Network web site (www.longislandnn.org). 
The philosophy of organic management of golf courses comes from agriculture- 
organic farming. The father of organic farming, Sir Albert Howard (77-1947), an English 
soil scientist created the “organic farming system”, whose basic and enduring foundation 
is to place the first priority on the building of soil fertility more by completing the cycle 
of organic life, less by using fertilizers imported from other regions (Rodale, 1975). Dr. 
Allen V. Barker, a professor at the University of Massachusetts at Amherst, who has 
taught Organic Gardening and Farming for more than 30 years, has indicated that there is 
no universally accepted definition of organic farming and gardening (personnel 
communication). This situation is due to the multiple conceptions of the basic nature of 
the term organic among biologists, chemists and practitioners. The final national organic 
standard rule for organic agricultural production was published in the Federal Register on 
December 21, 2000. The law was activated on April 21, 2001, and the details of this rule 
is available on the National Organic Program’s web site (www.ams.usda.gov/nop). 
What does the term “organic turf management” mean to an educator, golfer, 
superintendent or the public? Basically, it is the use of natural organic fertilizers and no 
synthetic chemical pesticides. Not all natural materials are considered organic materials. 
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The Organic Material Review Institute (OMRI), a private company who has its own 
definition for natural organic materials, has been accepted by organic farmers for some 
time. There are no papers published describing this particular strategy for golf course 
management because no golf superintendent wants to take the risk of managing a golf 
course organically. There are two concerns with organic farming, food safety /consumer 
health, and environmental contamination. The most important concern with regard to golf 
course management is environmental impact. Since the management of golf courses is 
much more intensive compared to farming, another concept needs to be developed. 
“Organic golf’ is an approach to maintaining a balanced ecosystem as a guide to 
manage turfgrass and underlying soil. Materials and techniques used are to promote a 
healthy soil, which enhances biodiversity, and soil biological activity. Organic fertilizers, 
composts, and naturally derived minerals are the only sources allowed which promote 
soil fertility and plant health and biological control. Cultural and mechanical practices are 
the primary tools for pest control and no synthetic chemical pesticides are allowed in 
organic golf course management. Naturally derived products that are potentially toxic to 
humans and non-target organisms are also prohibited. It is, in essence, a perfect IPM 
program. 
Most research on organic fertilizers/amendments utilized by the turfgrass industry 
has focused on suppression of diseases (Nelson and Craft, 1992; Liu et al., 1995; Craft 
and Nelson, 1996; Garling, 2000) and the effects on physical and chemical properties of 
soil fertility of low-maintenance turfgrass (Schumann et al., 1993; Norries and Gosselin, 
1996; Tester, 1989). The beneficial and detrimental effects of organic fertilizers will be 
reviewed below. 
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Benefits of Organic Turfgrass Management 
Numerous agronomic and environmental advantages are obtained when organic 
fertilizers are applied to turfgrass, in addition to macro- and micro-nutrients additions to 
soil. Long Island golf courses have been forced to use this strategy for several years and 
are pioneers of organic turf management. No results are yet published, but clearly there 
are many benefits of using organic fertilizer sources for turf, such as increasing total soil 
microbial populations (Liu et al., 1995) and reduced soil compaction, reduced thatch 
buildup (Berndt et al., 1990), enhanced soil physical properties and chemical structure, 
disease suppression with greatly reduced environmental impacts (Agnew, 1992; McCoy, 
1998; Doyle, 1991; Liu et al., 1995; Nelson, 1997; Thurn, 1993), in addition to their low 
burn potential and long-lasting effects on turfgrass. 
Soil Properties 
The major nutrients of some organic fertilizers and source are list in Tables 1 and 
2. The N content of organic fertilizers is substantially lower than inorganic, but higher 
organic matter content improves soil quality by increasing soil organic matter content, 
porosity, and total microbial activities, while reducing bulk density. 
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Table 1.1 Approximate amount of macronutrients often found in common organic 
fertilizer sources. 
Organic Material Percentage, Dry Weight Basis 
N P2O5 K20 
Blood meal 12.0 2.0 1.0 
Fish meal 10.0 6.0 - 
Cotton seed meal 6.0 3.0 1.5 
Soybean meal 7.0 1.2 1.5 
Bone meal, raw 3.0 22.0 - 
Bone meal, steamed 1.0 15.0 - 
Soybean meal 7 1.5 2.5 
Corn gluten 10 - - 
Animal manure 2-15 1-3 1.5-7 
Activate sewage sludge 6.0 3.0 0.5 
Table 1.2 Some natural organic fertilizers used on turfgrass management. 
Natural Organic 
Fertilizer 
Nitrogen Source 
NatureSafe 8-3-5 Feather, meat, bone and blood meals, sulfate of 
potash, yeast, sugars, carbohydrates & humus 
Milorganite 6-2-0 Activated sewage sludge. 
SoylGreen 11-2-3 Isolated soy protein. 
Sustane 5-2-4 Aerobically composted turkey litter and 
hydrolyzed feather meal. 
Ringers Green Restore 
6-1-3 
Hydrolyzed poultry feather meal, wheat germ, 
soybean meal and corn fermented soluble. 
Ringers Turf Restore 
10-2-6 
Hydrolyzed poultry feather meal, blood meal, 
wheat germ and bone meal. 
Incorporation of organic matter through organic fertilizer/amendments stabilize 
the soil through the aggregation of soil particles, thereby reducing soil bulk density and 
increasing infiltration and percolation rate of water into soil. Duggan and Wiles (1976) 
reported that the addition of 450 Mg ha'1 compost to soil reduced soil bulk density from 
1.43 to 0.99 g cm'3. The effect of compost on bulk density directly influences compaction 
by foot traffic, which increases the bulk density of soil profiles on golf courses. Lindsay 
and Logan (1998) investigated the field response of soil physical properties to sewage 
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sludge application on a Miamian silt loam soil after 4 years and found that bulk density 
significantly decreased, and porosity, percentage water stable aggregates, organic C, and 
mean diameter of aggregates increased with increasing sludge application. They 
concluded that the difference in soil physical properties were due to effects of added 
organic matter. 
Soil water holding capacity increases with incorporation of organic fertilizers due 
to higher water holding capacity of organic matter than mineral soil. Also, increasing soil 
organic matter content increases soil cation exchange capacity (CEC), which increases 
nutrient retention. 
Giusquiani et al. (1995) reported that total porosity of soil with a long-term sludge 
compost application significantly increased compared with control plots, as well as total 
and humified organic C. They also showed that enzymatic activities (L-asparaginase, 
arylsulphatase, dehydrogenase, phosphodiesterase, and alkaline phopho-monoesterase) 
were significantly enhanced by the compost addition without any inhibition by heavy 
metals present. In contrast, Agnew (1992) studied the benefits of natural organic nitrogen 
compared with synthetic fertilizers and found no evidence that natural organic nitrogen 
reduced thatch buildup and soil compaction within the experiment period. However, he 
mentioned that the effects may become more significant if organic fertilizers are used 
over a longer period of time. He also mentioned that natural organic fertilizers provide 
good, strong sources of nutrients, other benefits were considered secondary. 
Soil Biological Properties 
In addition to effects of soil physical properties, the influence of organic 
fertilizers on soil biological properties are the most significant researched in agriculture 
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and turf since 1958. Soil is teaming with a diverse population of living organisms. It 
includes soil microorganisms such as bacteria, fungi, actinomycetes, algae, and small 
animals like earthworms and arthropods. These organisms consume organic material and 
recycle resources. However, some of these organisms are considered pests. These pests 
and non-pest organisms interact with soil, grass and thatch to form an ecosystem and in 
nature, a dynamic relationship exists between beneficial organisms, host plants, and 
pathogens. Gould (1973) found that take-all patch was more prevalent on newly 
fumigated greens and as the turf matured the disease occurred with much less frequency. 
Gould speculated that suppressive organisms killed by fumigation needed a period of 
time to re-establish. This research also showed that soil pathogens are kept in check to 
some degree by disease suppressive organisms. It is applied approach to biological 
control that is called biostimulation. The goal of this approach is to enhance the native 
population of soil organisms to suppress soil pathogen activities and populations. Some 
research have reported that activated sewage sludge, compost, bone meal and other 
natural organic fertilizers have significantly reduced disease development and maintained 
a healthy turf (McWhiriter and Ward, 1971; Wilson, 1974; Nelson, 1998; Thurn, 1993; 
Craft and Nelson, 1996). The mechanisms of disease suppression by these materials are 
still under investigation. A review paper by Nelson (1997) listed some organic 
amendments for turfgrass disease control. Diseases such as dollar spot, brown patch, 
pythium blight, necrotic ring spot, red thread, and typhula blight could be effectively 
reduced by application of various composted materials as a topdressing. The levels of 
disease control varied widely from zero to 90 %, depending on the disease, composted 
materials and overall environment. Research at Cornell University indicated that organic 
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root zone amendments can result in long-lasting levels of disease suppression, 
particularly for root-infecting pathogens, and they provided complete control for six 
months after incorporation and retained their suppressive properties for up to four years 
(Thurn, 1993; Nelson, 1997). A study conducted in Canada on a native soil resulted in 
significantly higher population of both bacteria and fungi in thatch and soil due to an 
organic fertilizer (Liu et al. 1995). In contrast, Elliott and Des Jardin (1999) reported that 
there was no significant difference of microbial population between natural organic 
fertilizers and a synthetic organic fertilizer - IBDU (isobutylidene diurea) on a USGA 
sand green. 
Disadvantages of Organic Turfgrass Management 
Although the industry has been “pushed” into using IPM and organic approaches, 
there are some problems that need to be overcome if organic turfgrass management is to 
become mainstream. One of the more significant problems associated with organic 
turfgrass management programs, particularly in the golf course and sports turf industry, 
has been the inability to develop and maintain the high levels of overall turf quality and 
aggressiveness (recuperative potential) with natural organic fertilizers that are now 
expected. Natural organic fertilizers are inherently low in available nitrogen levels 
ranging, for the most part, between 2 and 8% with only blood meal and bat guano 
approaching the 10-12% levels (Table 1). These relatively low nitrogen levels (compared 
to synthetic sources) make it necessary to apply inordinately high amounts of material to 
achieve the desired seasonal effects since all natural organic fertilizers depend upon soil 
microbial activity for nitrogen/mineral release. As such, when soil temperatures are low 
as in the spring and late fall, release rates are limited at a time when cool-season 
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turfgrasses are at their peak of performance and need higher levels of nitrogen in the 
development of root zones and lateral stems. To overcome this problem, the industry has 
developed “organically based” fertilizers that have increasing levels of inorganic nitrogen 
added to meet the high N demands. These “bridged” products have been successful but 
cannot be considered 100% natural organic and can result in increased nitrogen loss 
through surface runoff and leaching to groundwaters, depending on how high the 
percentage of inorganic N. Inorganically “amended” materials also do not have the same 
ability to stimulate increases in soil microbial activities and populations so necessary for 
a healthy soil under reduced or limited pesticide programs. 
Christians (1993) mentioned that cost for organic nitrogen fertilizer per unit is 
about 10 to 100 times higher than synthetic nitrogen fertilizer. Also, it is not practical or 
possible to apply 977 kg organic fertilizer per hectare on a golf green without disrupting 
play. The odor, trace metal content and other physical and chemical characteristics of 
compost material are not acceptable by golfers. There are some other disadvantages for 
organic fertilizers including most are solid/pelletized which can be picked up in mower 
blades since materials do not readily breakdown/dissolve. High C/N ratio materials can 
have extremely long residual times and may even “bind” or inactivate applied nitrogen. 
Furthermore, seasonal effectiveness such as being much more effective in warm months 
and nitrogen carry-over are other problems with natural organic.fertilizers. Excess growth 
(surge) during warmer summer months and reduced effectiveness during early spring and 
late fall growth periods are due to increased microbial activity for mineral release. 
In addition to solid organic matter, the incorporation of organic 
amendments/fertilizers also introduces soluble organic matter-dissolved organic matter. 
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Dissolved organic matter (DOM) is often defined as the organic matter dissolved in soil 
solution that passes through a 0.45 pm pore size filter. DOM in soil solution, which 
originates from plant litter, soil humus, microbial biomass, and incorporated organic 
matter or from root exudates, plays an important role in soil formation (Dawson et al., 
1978; Petersen, 1976), nutrient cycling (Qualls et ah, 1991), mineral weathering 
(Raulund-Rasmussen et ah, 1998), and pollutants transport (McCarthy and Zachara, 
1989; Temmingghoff et ah, 1997; Kalbitz et ah, 1997). It is also a substrate for microbial 
growth (Zsolnay and Steindl, 1991). The detrimental effects of DOM include waterbody 
contamination, reduce sorption of pesticides, by-products during water treatment and 
pollutant transport (McCarthy and Zachara, 1989; Temmingghoff et ah, 1997; Kalbitz et 
ah, 1997). It is well known that DOM acts as a precursor in the formation of 
trihalomethanes (THMs) and other disinfection by-products (DBPs) which have health 
effects during the disinfection of municipal water. DOM also affects coagulation in 
drinking water treatment that includes controlling coagulant dosages and coagulant 
selection, and influencing the processes selected for water treatment plants and increasing 
the expense of water treatment (Edzwald, 1993). 
The fate and transport of organic contaminants such as pesticides and herbicides 
in the environment can be influenced by the presence of DOM. Organic contaminants in 
a natural system can be sorbed to a solid matrix, to DOM, or are freely dissolved. The 
relative proportions of contaminants in each phase affect its fate and transport. 
Since the detection of agricultural pesticide chemicals in drinking water wells has 
occurred throughout the USA (USEPA, 1986), much effort had been devoted to modeling 
the transport of these chemicals. However, many detected compounds have been shown 
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to move to depths much deeper than predicted by existing transport models based on 
mass flow and adsorption reaction (Jury et al., 1986; Flury, 1996). Preferential flow, a 
rapid flow of solute through soil macropores, has been considered as an attribution for the 
unpredictable transport of such compounds (Ghodrati and Jury, 1992; Grochulska and 
Kladivko, 1994). Dunnivant et al. (1992) reported that dissolved organic C can readily 
move through soil columns without preferential flow pathways. Therefore, DOM can 
serve as a carrier in the soil solution that could result in the rapid flow of organic 
compounds through soil profiles. The effect of DOM on agri-chemicals transport in soil 
is getting more attention by scientists. DOM extracted from water, soils, and lake 
sediments increase solubility of organic contaminants such as DDT and PCBs (Means 
and Wijayaratne, 1982; Chiou et al., 1987). DOM has been shown to reduce sorption of 
pesticides due to DOM-pesticide interactions and / or competition between DOM 
molecules and pesticide molecules for sorption sites (Lee and Farmer, 1989; Businelli, 
1997; Celis et al., 1998, Cox et al., 2000, Rudra et al., 2001). These would enhance 
transport of pesticides through soil and increase the risk of surface and ground water 
contamination. However, for a variety of triazine herbicides, with water solubility 
ranging from 8 to 30 mg kg'1, DOM had no effect on water solubility, desorption from 
solid phase and transport through soil column (Clays et al., 1988; Zsolnay, 1992, 1994). 
Sorption is a very complex process and is determined by characteristics of both 
sorbents and sorbates. There were a number of studies on the effect DOM on pesticide 
sorption with most of them focusing on sewage sludge and manure as soil amendments to 
agriculture soils. There is no research currently focused on DOM from organic materials 
as a nitrogen fertilizer on regular turfgrass management practices. Organic management 
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has been a hot topic for agriculture and turf and incorporation of organic fertilizer is one 
of the most important facets of an IPM program. Currently, there are numerous 
commercial organic fertilizers available such as NatureSafe, Milorganite, Sustane and 
Ringers. Some of them contain as much as 3.3 % DOM (water extraction) (Aoyama, 
1985). Organic fertilizers are considered slow release materials with low burn potential 
and often are applied at higher rates compared with soluble inorganic fertilizers. Higher 
s 
application rates mean potentially higher loading of DOM into soils. Also, under turf 
conditions, root turnover is much more active and microbial activity is much higher in 
thatch layers. Decomposition of organic materials under turf will be higher than most 
agriculture situations. Wetting and drying cycles of turf management strategies will also 
promote DOM accumulation and organic matter solubilization. Furthermore, a root zone 
mixture of a USGA putting green with high percentage of sand, high porosity, low 
organic matter content and CEC will enhance water movement in the soil profile. 
Understanding the relationship between DOM and pesticide will help to develop an 
environmentally friendly fertilizer and pesticide program for turfgrass management. 
Objectives 
Alternative management practices are becoming increasingly more important for 
managing environmentally friendly golf courses, especially organically managed golf 
courses. The USGA has supported many research projects with this goal in mind, 
however, none were focused upon organic management of golf courses. Most research 
that has been reported is focused on the benefits of natural organic fertilizers used as 
supplemental products in IPM programs or as a biological carriers for disease 
suppression, improving soil physical and chemical properties and fertility for low- 
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maintenance turfgrass. There is no evidence of the use of natural organic fertilizers as a 
sole source fertilizer for high-maintenance turfgrass, such as that common with golf 
courses. As the restriction of pesticide usages by States or County increases, no-chemical 
practices for golf course management is getting more attention. A better understanding of 
organic practices is essential to turfgrass management. 
Besides solid organic materials, DOM is incorporated into soil. Recently, research 
has shown that the rapid movement of a small fraction of pesticide through sewage 
sludge - amended soil is due to the presence of DOC (Williams, et al. 2000; Nelson, et 
al., 1998). In northern regions, Summer is the time for the most usage of organic 
fertilizers/amendments and pesticides. As such, an understanding the relationship 
between DOM and pesticide movement in soil will help turfgrass managers to properly 
select and use organic fertilizers and pesticides to manage an environmentally friendly 
turfgrass ecosystem. 
Based on the information above, the specific objectives are 1): to evaluate the 
effect of different organic fertilizers on total soil microbial populations and turfgrass 
growth on different soils; 2): to evaluate the performance of an organically managed golf 
course fairway; 3): to evaluate the effect of DOM extracted from organic fertilizers on 
pesticide movement in soil. The overall goal of this study is to develop the best 
management program for properly using organic fertilizers on turfgrass management. 
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CHAPTER 2 
EFFECT OF ORGANIC FERTILIZERS ON MICRIBIAL POPULATIONS 
ASSOCIATED WITH DIFFFERENT SOIL PROFILES 
Abstract 
Three natural organic fertilizers and one synthetic organic fertilizer applied to 
both creeping bentgrass (Agrostis palutris Huds) and Kentucky bluegrass (Poa pratensis) 
were evaluated in growth chambers under three soil profile types (USGA sand, 70% 
USGA sand with 30% native soil, and native soil) and under field golf fairway conditions 
for their effects on soil bacteria and fungal populations. Fertilizers were applied at a rate 
of 24 kg N ha'1 every two weeks. Soil samples were taken before fertilizer application 
and on the 2nd, 3rd, 4th, 7th, 10th and 14th days after treatment (DAT) for the growth 
chamber experiment and 2nd, 4th, 7th, and 14th DAT for field trails. Application of all 
natural organic fertilizers increased soil bacterial populations within 4 days after fertilizer 
treatment while little or no effect with the synthetic organic fertilizer was observed on all 
three soil profiles for the growth chamber experiment. Similar results were observed for 
the 2 year field trials, however, only the SoylMicrobial (F) fertilizer treatment increased 
total bacterial populations at 2nd and 4th DAT. No difference in bacterial populations 
was observed between Milorganite, NatureSafe and the synthetic organic fertilizer. 
Difference in total fungal populations was observed for fertilizer treatments, however, 
they were not consistent with total bacterial population results. 
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Introduction 
An active microbial population performs many beneficial activities in a turfgrass 
ecosystem such as organic matter decomposition, nutrient availability and recycling, and 
pathogen suppression (Sylvia et al., 1997). Modern golf course putting greens are 
typically constructed with a high sand content to minimize soil compaction and increase 
water movement (USGA, 1993). It is commonly perceived that these root zones support 
less microbial population than native soil because of lower organic matter and clay 
content (Alexander, 1977). Additionally, putting greens require frequent pesticide 
application to maintain an optimum turfgrass quality for golfer desire. These products 
may reduce total microbial populations (Das and Mukherjee, 2000; Omar and Abdel- 
Sater, 2001). Furthermore, practices such as lower mowing height and less nutrient input 
to maintain high-ball rolling green speeds stress the turfgrass resulting in a high level of 
disease. Thus, turfgrasses grown under this kind of soil situation may be less healthy and 
possibly more easily affected by soil born pathogens such as Pythium spp. and 
Rhizoctonia, resulting in unsatisfied playing condition (Hodges, 1990; Couch, 1995). 
Organic amendments/fertilizers are used in turfgrass management because of addition of 
nutrients, disease suppression, reduced thatch and thatch accumulation, reduced soil 
compaction, and increased root health (Agnew, 1992; Berndt et al., 1990; Craft and 
Nelson, 1996; Liu et al, 1995, Nus 1993). These attributions are often assumed to be 
associated with an increase in the soil microbial populations. Liu et al. (1995) reported 
higher populations of both bacteria and fungi in the thatch and soil due to organic 
fertilizer (Ringer) were found on a native soil study in Canada on creeping bentgrass 
putting greens. However, Mancino et al. (1993) conducted experiments on USGA 
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specification sand -peat putting green root zone mix in Arizona showing no significant 
increase of bacteria and fungi observed after adding a bio-organic N source. Similar 
results were reported by Elliot and Jardin (1999) on sand - peat putting green mix with 
bermudagrass. Nitrogen release of natural organic fertilizer is completely dependent on 
microbial decomposition. Increasing soil microbial populations with addition of organic 
fertilizer is one of the mechanisms that organic fertilizer can suppress diseases. There are 
few reports of using organic fertilizer as a sole source of nutrients for turfgrass 
management. Furthermore, dissolved organic carbon (DOC) supplied by organic 
fertilizer/amendments may cause changes in soil microbial populations. The objective of 
this study was to measure short-term soil microbial population dynamics under organic 
fertilizer applications on different soil profiles. 
Materials and Methods 
Growth Chamber Experiment 
Growth chamber experiments were conducted in a growth room at the University 
of Massachusetts, Amherst, where temperature was maintained at 22 °C during 16 h of 
illumination and 8 h dark period per day. Three different soils, which includes a four-year 
old USGA specification putting green root zone mix (OC 0.48%), a four-year old 30% 
USGA sand mixed with 30% native soil (OC 0.65%), and a native soil (sandy loam, OC 
1.2%), were taken from the Turfgrass Research Facility (South Deerfield, MA). All soils 
were air-dried and passed through 2 mm sieves to eliminate existing grass roots. 
Three natural organic fertilizers used in this study were Milorganite, NatureSafe 
and SoylMicrobial. Milorganite (Milorganite Division - MMSD, Milwaukee, WI) is 
composed of activated sewage sludge with a nutrient ratio of 6-2-0 NPK. NatuieSafe 
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(Griffin Industries Inc., Cold Spring, KY 41076) is composed of hydrolyzed poultry meal 
with a nutrient ratio of 8-3-5 NPK, SoylMicrobial (EcoOrganics Inc, Amherst, MA 
01002) is composed of isolated soy protein with a nutrient ratio of 14-1-1 NPK. There are 
two types of SoylMicrobial fertilizer: flowable (F) and granular (G). The synthetic 
organic nitrogen fertilizer used in the study was Scotts liquid fertilizer (29-3-4) (Scotts 
Co., Marysville, OH 43041), a popular liquid fertilizer used in putting green management 
with 12.8 % urea and 26.3 % triazon. 
Plastic pots measuring 25 cm deep and 20 cm diameter were used and ‘Plainville’, 
creeping bentgrass was seeded at rate of 90 kg ha'1 and maintained at a 1.25 cm mowing 
height. There were five treatments for each soil profile which included three natural 
organic fertilizers, one synthetic organic fertilizer, and one control treatment. Three 
replications were established for each treatment and pots were fertilized every two weeks 
at a rate of 12 kg ha'1 of ammonia nitrate prior to organic fertilizer treatments. After a two 
month growing period, pots were treated with fertilizer at 24 kg ha'1 and soil samples 
were taken for measurement of microbial populations. 
Three 10 mm diameter x 120 mm deep soil core samples were obtained from each 
pot. Shoots were removed from each plug and the remaining soil was mixed. Ten g of 
soil were placed in 200 ml glass bottles with 95 ml sterilized distilled water. The bottles 
were placed on a rotary shaker (200 rmp) for 30 min followed by a 10-fold dilution. The 
remainder of the soil was placed in an oven at 70 °C for water content assessment. Soil 
samples were taken before fertilizer treatment, 2nd, 3rd, 4th, 7th, 10th and 14th days after 
fertilizer application. 
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Aliquots of dilutions were spread on the following media for enumeration: Difco 
Tryptic Soy Agar (TSA) (Becton Dickinson Microbiology Systems, Sparks, MD 21152) 
for total bacteria; and Peptone - Glucose agar (KH2P04 1.0, MgS04 7H20 0.5 g, pepton 
5.0 g, glucose 10.0 g, with 20 g agar, adjust pH = 4.0 with sterile 0.1 N H2S04) for fungi. 
All fungal enumeration media were amended with 12 pg ml'1 penicillin and 40 pg ml'1 
streptomycin to inhibit bacteria. Plates were incubated at 28 °C and microbial colonies 
were counted after 3 days of incubation. 
Golf Fairway Experiment 
The field experiment was conducted on a golf course fairway during July, Aug. 
and Sept. 2001, and 2002 at the Crumpin - Fox Golf Club (Bemardston, MA 01337). 
Three fairways were used for replication purposes. The soil at Crumpin - Fox golf course 
is a coarse sand with Kentucky bluegrass mown at 1.27 cm. The experimental plots were 
2 m x 15 m. Three natural organic fertilizers (Milorganite 6-2-0, NatureSafe 8-3-5, and 
SoylMicrobial 14-1-1) and one synthetic organic fertilizer (Scotts liquid fertilizer 29-3-4) 
were applied at a rate of 24 kg N ha'1 every two weeks. Three soil core samples were 
taken from each plot before fertilizer treatments, and on the 2nd, 4th, 7th, 10th and 14th 
day after treatment. Thatch layers of soil cores were removed and soil was mixed for each 
sampling. Microbial populations were determined by the dilution method outlined above. 
On year 2002, microbial biomass carbon (MBC) was measured instead of total microbial 
population for June and July. MBC was estimated by fumigation extraction (Vance et al, 
1987). Two portions equivalent to 20 g oven-dry soil were taken from the field. One 
portion was fumigated for 24 h at 25 °C with ethanol-free CHCI3. Following fumigation 
removal, the soil was extracted with 0.5 M K2S04 by mixing for 30 min in a rotary 
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shaker at 200 rmp and then filtered through Whatman No. 42 filter paper. Another 
portion of non-fumigated soil was extracted directly with 0.5 M K2SO4 similar to the 
fumigated soil. Organic C in the extraction was measured by a TOC analyzer for total 
organic carbon (Reckhow, 2000). MBC was calculated as follow: Microbial biomass C = 
Ec/Kec, Ec = (organic C extracted from fumigated soil) - (organic C extracted from non- 
fumigated soil), and Kec = 0.45 (Vance, et al, 1987). Microbial populations were 
measured at Aug. and Sept. 
Statistical Analysis 
Microbial population values were logarithmically transformed and all data were 
subjected to analysis of variance and was performed by repeated measures ANOVA 
using SAS GLM procedure (SAS Institute Inc., Cary, NC). Means were compared by 
LSD for each treatment at 95% confidence. 
Results 
Growth Chamber Experiment 
As expected, the soil profiles and fertilizer treatments had significant effects on 
microbial populations (Table 2.1). No Fertilizer x Soil interaction was observed, 
however, all interactions were significant different when sampling time was entered. As 
such, varied microbial populations during different sampling dates were the major factor 
contributing to the interaction. Therefore, all data were sorted by soil profile. Figure 2.1 
and 2.2 show total bacterial and fungal populations for three soil profiles under different 
fertilizer treatments. 
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USGA Sand 
Fertilizer treatment significantly increased total bacterial populations at different 
sampling days after treatment on USGA sand profiles (Figure 2.1 and Table 2.2). Total 
bacterial populations increased rapidly from 106to > 107 cfu g _1 dry soil for all natural 
organic fertilizer treatments within 4 days after fertilizer treatment. The increased 
bacterial populations remained high and dropped down on the 14th day after treatment 
(DAT) for Milorganite. The pattern for NatureSafe and SoylMicrobial (F) treatments 
were similar to the Milorganite treatment except that total bacterial populations dropped 7 
DAT and went up again 10 DAT sampling. Total bacterial populations for the Scotts 
treatment increased 3 DAT and dropped back to the same level of the 2nd DAT to the 
end of sampling. Total bacterial populations also increased for the untreated control on 
the 2nd DAT and remained at a constant level thereafter (Table 2.2). 
There were significant differences among fertilizer treatments from the first 
sampling day (2 DAT sampling). On the 2nd DAT, Milorganite had higher bacterial 
populations than untreated with no other differences observed. Total bacterial populations 
of Scotts and NatureSafe treatments reached the highest level on the 3rd DAT and 
NatureSafe, Milorganite and Scotts had significantly higher bacterial populations than the 
control with no difference between Milorganite, Scotts and SoylMicrobial (F). On the 4th 
DAT, all natural organic fertilizer treatments had significantly higher bacterial counts 
than Scotts and the control. Milorganite and SoylMicrobial (F) had higher total bacterial 
populations on the 7th, 10th and 14th DAT, which were significantly higher than the 
control as well as the Scotts treatment on the 7th and 10th DAT. There was no difference 
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between NatureSafe and Scotts treatments on the 7th, 10th and 14th DAT samplings 
(Figure 2.1). 
Fluctuations of total fungal populations were observed (Figure 2.2). Total fungal 
populations increased on the 3rd DAT and dropped down on the 4 DAT. Significant 
differences were observed between control and fertilizer treatments on the 7th and 10th 
DAT. On the 7th DAT, total fungal populations of Milorganite and NatureSafe treatments 
were significant higher than the control and SoylMicrobial treatments with no differences 
between Milorganite, NatureSafe, and the Scotts treatments. All fertilizer treatments had 
higher fungal populations than the control and no differences among fertilizer treatments 
on the 10th DAT. 
Mixed Soil Profile 
Figure 2.1 illustrates the effect of fertilizer treatment on total bacterial populations 
on a mixed soil profile (30% native soil and 70% USGA sand). Similar patterns were 
observed with USGA sand treatments. Microbial populations rapidly increased on 2nd 
DAT for all fertilizer treatments. Total bacterial populations for Milorganite and 
NatureSafe treatments reached their highest level on the 3rd DAT and maintained this 
level prior to dropping down slowly after the 7th DAT. No differences were observed 
among sampling dates after the 2nd DAT sampling (Table 2.3). SoylMicrobial (F) 
treatments increased bacterial populations and peaked on the 10th DAT. Fertilizer control 
treatments (Scotts) also increased bacterial populations on 3 DAT and dropped down 
followed by an increase on the 10th DAT and went back to the initial level on the 14th 
DAT. Untreated pots remained at a constant level throughout all sampling days (Table 
2.3). 
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There were some significant differences among fertilizer treatments on different 
sampling days. Controls had a constant lower bacterial population throughout all 
sampling days as did the Scotts treatment. There was only one difference on the 10th 
DAT sampling between the Scotts and control treatments (Figure 2.1). Milorganite 
treatments had high bacterial populations on all sampling days, which were significantly 
higher than the control from 3rd DAT as well as significantly higher than the Scotts 
treatments on the 2nd, 4th, 7th and 14th DAT. Similar results were observed with 
NatureSafe. Total bacterial populations for SoylMicrobial (F) treatments were significant 
higher than the control on the 4th, 7th and 10th DAT as well as the Scotts treatment on 
the 4th DAT. There were no differences in bacterial populations among the three natural 
organic fertilizers on all days of sampling except on the 14th DAT where the Milorganite 
treatment had higher bacterial populations than SoylMicrobial (F) treatment. 
Some fluctuations were observed for total fungal populations with the mixed soil 
(Figure 2.2). Total fungal populations for all treatments peaked on the 3rd DAT and 
quickly dropped back down on the 4th DAT. Increases were then shown on the 10th DAT 
and again dropped back on the 14th DAT. There were only differences of total fungal 
populations between NatureSafe and the untreated control on the 3rd DAT. 
Native Soil 
Fertilizer treatments significantly increased bacterial populations at different DAT 
on native soil (Figure 2.1 and Table 2.4). Total bacterial populations were significantly 
increased on the first day of sampling (2 DAT) for all natural organic fertilizers. Total 
bacterial populations reached their highest level on the 4th DAT and dropped gradually to 
the background level on the 14th DAT for all natural organic fertilizers. Bacterial 
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population dynamics for the Scotts treatment had a same pattern as the untreated, which 
increased on the 2nd DAT and then gradually declined to the initial level. 
There were some significant differences among fertilizer treatments at different 
sampling days. All natural organic fertilizers had significantly higher bacterial 
populations than the Scotts and untreated pots on the second, third, 4th, 7th, and 10th 
DAT. On the 14th DAT, all fertilizer treatments had bacterial counts higher than 
untreated control. 
Total fungal populations increased rapidly within 4 DAT, and declined slowly 4 
DAT for all treatments including controls (Figure 2.2). Significant differences were 
observed between the control and NatureSafe treatments on the second and 4th DAT with 
no differences between Scotts and natural organic fertilizer treatments. 
Field Trials 
There were significant differences (P < 0.001) among sampling dates after 
fertilizer applications for microbial populations on the golf course fairway soil (Figure 
2.3 and 2.4). Total bacterial populations increased rapidly on the second DAT and peaked 
on the 4th DAT and then dropped to lower than the initial values for all treatments except 
NatureSafe (Figure 2.3 and Table 2.5). There were significant differences among 
fertilizer treatments on different sampling days (Figure 2.3). SoylMicrobial (F) showed 
the best results for stimulation of total bacterial populations compared with other 
fertilizer treatments. Total bacterial populations for SoylMicrobial (F) were significantly 
higher than Scotts synthetic organic fertilizer (as a fertilizer control) on the 2nd and 4th 
DAT and no difference between Milorganite, NatureSafe and Scotts treatments at all 
sampling days. 
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Fluctuation of total fungal populations was observed on golf course fairway soils 
(Figure 2.4). In contrast to the pattern of total bacterial population results, total fungal 
populations increased on the 2nd DAT and declined on the 4th and 7th DAT for 
SoylMicrobial (F) and the Scotts treatments. There were no differences of total fungal 
populations for Milorganite and NatureSafe on all sampling days (Table 2.6). On the 4th 
DAT, total fungal populations of SoylMicrobial (F) and Scotts treatments were 
significantly lower than Milorganite and NatureSafe treatments. No other differences 
were observed among fertilizer treatments and sampling days. 
Cultural techniques have been reported that underestimates the total microbial in 
soil. Because microbial activity is central to C and N cycling in soil, microbial biomass C 
is commonly used to measure soil microbial activity. In this study, MBC was measured at 
June and July 2002 on golf course fairway. There is no difference between fertilizer types 
and sampling dates (Tables 2.7 and 2.8). 
Discussion 
The primary objective of this research was to monitor microbial population 
dynamics after fertilizer applications. There are reports on the effects of organic 
fertilizers on microbial populations on turfgrass, however, the sampling intervals of these 
reports vary widely from once to seven times each year and fertilizer application 
frequencies from one to two week intervals (Mancino et ah, 1993; Liu et ah, 1995; Elliot 
and Des Jardin, 1999). Since natural organic fertilizers are dependent on microbial 
decomposition for nitrogen release, it was naturally assumed that organic fertilizer 
application would promote an increase in microbial populations. It also is commonly 
known that organic substrates in soil play an important role in microbial growth. 
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Application of organic fertilizer/amendments not only supplied a solid C source, but also 
supplied a soluble source of dissolved organic carbon (DOC). DOC dissolves rapidly into 
soil water, which would quickly supply a C source for microbial growth. Therefore, the 
microbial response to organic fertilizer/amendments w'ould be affected by time of 
sampling. In this study, microbial populations w^ere estimated on the second, third, 4th, 
7th, 10th and 14th DAT between different soil profiles. Fertilizer application frequency 
was even7 two w^eeks in the growth chamber study as w'ell as on golf course fairway 
study. Results from the growth chamber study on three different soil profiles and field 
trial soils showed a similar pattern for total bacterial populations under different fertilizer 
treatments. Total bacterial populations increased and peaked w'ithin 4 days after fertilizer 
application, and declined after the 4th DAT. These results could be explained by the 
initial reaction of the microbial population to soluble C and N sources derived from 
applied fertilizers/amendments. DOC can act as a substrate for microorganisms in a soil 
solution since soil microorganisms are basically aquatic and all microbial uptake 
mechanisms require a water environment (Qualls and Haines, 1992; Moller et al, 1999; 
Melting. 1993). Positive relationships are shown between initial DOC concentrations and 
CO; release on the first 5 weeks of long term incubation experiments with no further 
results at later stages of incubation due to depletion of DOM (Williams and Gray, 
1974:Cook and Allen. 1992; Maschner and Noble, 2000). 
The pattern of total bacterial population dynamics was different for each soil 
8 rp 
profile. Total bacterial populations increased to approximately 10 cfu on the 4th DAT 
for natural organic fertilizer treatments and declined slowly until no differences were 
observed on the 14th DAT for both native soil and LSGA sand profiles. These results 
34 
show that there may be a threshold level for total bacterial populations in the soil 
ecosystem. In native soils, some microorganisms, such as protozoa may feed upon 
bacteria when populations increase to a certain level, and therefore, total soil bacterial 
populations will decline. There are less protozoa in USGA sand and, as such, total 
bacterial populations lasted longer (about a week) and then started to drop down 
(personal communication with Dr. Simkins). Overall, native soil had a higher total 
bacterial count than mixed soil and USGA sand. This data are consistent with other 
research in that microbes are associated with clay and mineral portion of soils (Sessitsch 
ct al, 2001; Monrozier et al, 1991). 
All natural organic fertilizers tested in this study increased microbial populations. 
Milorganite treatments had higher total bacterial populations as compared with other 
fertilizer treatments in the growth chamber study. In contrast, other research indicates that 
Milorganite fertilizer does not significantly affect microbial populations (Liu et al, 1995; 
Elliott and Jardin, 1999) because Milorganite production requires the sewage sludge to be 
vacuum filtered and dried for 45 min at 654 °C, which kills all resident organisms (Nus, 
1993). The Milorganite fertilizer used in our research initially had much higher total 
bacterial populations (7.5 x 1(1’ efu g'1 dry fertilizer) compared to other reports (< 10“ efu 
g 1 dry fertilizer) (Elliott and Jardin, 1999). Further, the fertilizer used in this study was 
“greens grade” and particle size was comparatively small. Milorganite also had a low N 
content that meant more dry/solid material applied compared to other fertilizers and had 
high content of DOC (2.4 %). These could be reasons contributing to increased total 
bacterial populations. Elliott and Jardin (1999) reported that the direct addition of 
microbes every two weeks for two years from organic nitrogen fertilizers did affect the 
35 
microbial populations examined in bermudagrass soil/root systems. Therefore, the major 
contribution for increasing microbial populations could be the soluble C source (DOC) 
supplied by organic fertilizers. 
The results observed from field experiments were not consistent with growth 
chamber experiments, especially for Milorganite and NatureSafe treatments. There was 
no difference in total bacterial populations between them and the Scotts synthetic organic 
treatment. However, significant differences were observed between Scotts and 
SoylMicrobial (F) on the second and 4th DAT. SoylMicrobial (F) is isolated soy protein 
with high content of amino acids. Research reports indicate that dissolved carbohydrates 
and amino acids are preferentially utilized by microorganisms (Volk et al, 1997; Amon et 
al, 2001). Additionally, in the summer season of the New England region where this 
study was conducted, soil moisture content was especially low and could be an important 
factor affecting microbial growth. SoylMicrobial (F) fertilizer was mixed in a water 
suspension and then applied to the turf which also may have contributed to differences. 
Furthermore, thatch was not included in the field study or the growth chamber study. 
Thatch contains 40 to 1600 times as many bacteria as the soil (Mancino et al, 1993) or at 
least 2 times higher than soil (Liu et al., 1995). It is possible that microbial populations in 
thatch in the field study masked any effects that were observed in the growth chamber 
study. Minor differences were observed for total fungal populations in this study and 
results were not consistent with total bacterial population results. 
Conclusions 
The dynamics of total bacterial and fungal responded to different feitilizcr 
treatments from this study showed that both respond to fertilizer treatment, especially 
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DOC, and the response was very quick (within 4 days after fertilizer treatment). 
Therefore, sampling time is very important for short-term effects of organic fertilizers on 
microbial population research. Agnew (1992) mentioned that organic fertilizer should be 
selected primarily for their nutritional benefits to the plant and not for secondary benefits. 
However, the results from this study show that both should be considered to manage an 
environmentally friendly turf-soil ecosystem. 
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Table 2.1 Analysis of various for total bacterial and fungal populations as affected by soil 
profiles, fertilizer types and sampling dates. 
Treatment Bacteria Fungi 
Soil profiles (S) *** *** 
Fertilizer types (F) *** *** 
SxF NS NS 
Sampling dates (T) *** *** 
SxT *** *** 
FxT *** *** 
S x F x T *** *** 
NS. **, ***nonsiginificant or significant at P - 0.01 or 0.001, respectively. 
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Table 2.2 Effects of sampling date on total bacterial populations on USGA sand with 
different fertilizer treatments. 
DAT* Fertilizer Treatments 
SoylMicrobial 
(F) 
Scotts Milorganite NatureSafe Untreated 
0 day 5.85d 6.21c 6.21 d 5.99c 5.95b 
2nd day 6.80c 6.68b 7.03c 6.81c 6.5a 
3rdday 6.80c 6.98a 7.16bc 7.36a 6.49a 
4th day 7.40a 6.64b 7.45ab 7.29a 6.48a 
7th day 7.22ab 6.80ab 7.49ab 6.98bc 6.50a 
10th day 7.53a 6.94a 7.65a 7.2ab 6.69a 
14th day 6.89bc 6.62b 6.85c 6.86c 6.48a 
* 
means separation within each column by LSD (P = 0.05). Day after treatment 
Table 2.3 Effects of sampling date on total bacterial populations on mixed soil with 
different fertilizer treatments. 
DAT* Fertilizer Treatments 
SoylMicrobial Scotts Milorganite NatureSafe Untreated 
(F) 
0 day 6.24d 6.38e 6.24b 6.48c 6.48a 
2nd day 6.79bc 6.46cde 7.06a 6.74bc 6.64a 
3rdday 6.77bc 6.81ab 7.31a 7.11a 6.42a 
4th day 7.05ab 6.64bcd 7.24a 7.11a 6.51a 
7th day 6.89abc 6.71 be 7.35a 7. lab 6.45a 
10th day 7.12a 6.96a 7.11a 6.81abc 6.64a 
14th day 6.6bc 6.42de 7.06a 6.79abc 6.43a 
Tf 
means separation within each column by LSD (P = 0.05). Day after treatment 
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Table 2.4 Effects of sampling date on total bacterial populations on native soil with 
different fertilizer treatments. 
DAT Fertilizer Treatments 
SoylMicrobial Scotts Milorganite NatureSafe Untreated 
(F) 
0 day 6.54c 6.56bc 6.58e 6.5 Id 6.68bc 
2nd day 7.73a 6.91a 7.75b 7.36b 6.98a 
3rdday 7.66a 6.93a 7.82b 7.62ab 6.86ab 
4th day 7.66a 6.81a 8.16a 7.85a 6.66cd 
7th day 7.22b 6.77a 7.46c 7.35b 6.64cd 
10th day 6.76c 6.52c 6.88d 7.00c 6.48de 
14th day 6.76c 6.73ab 6.78ed 6.72cd 6.43e 
means separation within each column by LSD (P = 0.05). 
Day after treatment 
Table 2.5 Effects of fertilizer treatment on total bacterial populations on golf fairway soil 
DAT" 
W- 
Fertilizer 
SoylMicrobial Scotts Milorganite NatureSafe 
(F) 
0 day 6.29c 6.18bc 6.27bc 6.34a 
2nd day 6.54ab 6.3 lab 6.29ab 6.41a 
4th day 6.60a 6.36a 6.45a 6.43a 
7th day 6.37bc 6.22abc 6.30ab 6.29ab 
14th day 6.08d 6.08c 6.09c 6.13b 
* 
means separation within each column by LSD (P 
$ 
= 0.05). Day after treatment 
Table 2.6 Effects of fertilizer treatment on total fungal populations on g' olf fairway soil 
DAT* Fertilizer 
SoylMicrobial Scotts Milorganite NatureSafe 
(F) 
0 day 3.17b 3.19ab 3.39a 3.21a 
2nd day 3.42a 3.35a 3.37a 3.30a 
4th day 3.14b 3.01c 3.43a 3.11a 
7th day 2.88c 2.92c 3.21a 3.23a 
14th day 3.10bc 3.14abc 3.36a 3.16a 
?.- 
means separation within each cof umn by LSD (P 
$ 
= 0.05). Day after treatment 
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Table 2.7 Effects of fertilizer treatment on microbial biomass C on golf fairway soil 
(June 2002) 
Treatment Days after treatment 
0 day 2nd day 4th day 7th day 14th day 
SoylMicrobial 82.5 
Microbial biomass C (jLLg/g dry soil) 
159.4 56.1 127.9 133.7 
(F) 
Scotts 82.5 79.8 38.7 106.0 117.6 
Milorganite 82.5 120.9 48.5 167.0 101.3 
Natures afe 82.5 88.8 53.9 82.5 104.4 
LSD 25.7 64.1 25.8 98.2 84.9 
*means separation within each column by LSD (P = 0.05). 
Table 2.8 Effects of fertilizer treatment on microbial biomass C on golf fairway soil 
(July 2002) 
Treatment Days after treatment" 
0 day 2nd day 4th day 7th day 14th day 
Microbial biomass C (|ig/g dry soil) 
SoylMicrobial 133.7 182.8 181.4 70.2 93.3 
(F) 
Scotts 117.6 171.2 157.5 89.2 73.6 
Milorganite 101.3 211.0 122.5 87.8 79.7 
NatureSafe 104.4 169.1 176.3 41.8 108.9 
LSD 84.9 101.2 88.5 95.9 92.5 
*means separation within each column by LSD (P = 0.05). 
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igure 2.1 Effects of fertilizer treatments on bacterial populations 
in three soil profiles. The vertical line on X axis are 
LSD values of different sampling days (P = 0.05). 
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Figure 2.2 Effects of fertilizer treatments on fungal populations 
in three soil profiles. The vertical line on X axis are 
LSD values of different sampling days (P = 0.05). 
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Figure 2.3 Effects of fertilizer treatments on total bacterial populations 
on golf course fairway soils (n — 15). The vertical line on X 
axis are LSD values of different sampling days (P = 0.05). 
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Figure 2.4 Effects of fertilizer treatments on total fungal populations 
on golf course fairway soils (n = 15). The vertical line on X 
axis are LSD values of different sampling days (P = 0.05). 
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CHAPTER 3 
EVALUATION OF TURFGRASS RESPONSE UNDER ORGANIC FERTILIZER 
MANAGEMENT 
Abstract 
The application of organic fertilizer on turfgrass has been significantly increasing 
over the past decade, however, little information has been reported on the response of 
highly maintained golf turfgrasses. The objective of this study was to evaluate the 
response of four natural organic nitrogen fertilizers and one synthetic organic nitrogen 
fertilizer (control) on three different soil profiles in growth chamber and field trials. 
Fertilizers were SoylMicrobial (flowable and granular, 14-1-1), Milorganite(6-2-0), 
NatureSafe (8-3-5) and Scotts (29-3-4). In a three month growth chamber study, 
Penncross creeping bentgrass (Agrosis palustris Huds.) was evaluated at two fertilizer 
application frequencies, 12 kg N ha'1 every 7 or 14 days. Turfgrass response was 
measured by clipping yield, root biomass, and N uptake. Major differences in clipping 
yield were found for application frequency and soil profile. Weekly applications 
increased clipping an average of 43% compared with bi-weekly applications. Overall, 
native soils provided higher clipping yields than USGA sand and mixed soil profiles. 
Scotts synthetic organic treatments provided the highest clipping yields and Milorganite 
the lowest. Similar results were observed for N uptake. There were no differences in root 
biomass among fertilizer treatments on native soil profile. Overall, higher root biomass 
was associated with NatureSafe and Scotts on USGA sand and mixed soil profiles. All N 
sources maintained an acceptable turfgrass quality for weekly fertilizer applications in 
field trails. 
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Introduction 
Natural organic materials such as compost and humic substances have long been 
used since the beginning of turfgrass management. However, the utilization of these 
materials declined dramatically with the advent of synthetic inorganic and organic 
fertilizer. Synthetic fertilizers offer much higher nutrient contents, more consistent and 
predictive nutrient release characteristics, but also can increase risk of potential 
environmental impact. 
Golf courses are the most intensively managed areas in urban landscapes due to 
the high demand for quality by golfers. Golf course superintendents are forced to manage 
turfgrass with a myriad of chemicals and rely highly on pesticides to control weeds, 
diseases and insects. Alternative turfgrass management strategies need be developed to 
reduce environmental impact. A resurgence of organic fertilizer use in turfgrass 
management recently has allowed for more environmentally sound programs and waste 
utilization methods. 
Much of the research on organic fertilizers for the turfgrass industry has focused 
upon disease suppression (Nelson and Craft, 1992; Liu et al, 1995; Nelson, 1996; Garling 
2000), improving soil physical, chemical and biological properties (He et al, 1992; 
Maconi et al, 1993, Elliot and Des Jardin, 1999), and the fertility effect on high-cut 
turfgrass (Tester et al, 1982; Tester, 1989; Schuman et al., 1993; Norrie and Gosselin, 
1996). Berndt (1986) found that using organic fertilizer materials can maintain an 
acceptable quality of Kentucky bluegrass in field trials. Schumann et al. (1993) reported 
that compost application had positive effects of increased growth and enhanced green 
color on tall fescus, and perennial ryegrass / Kentucky bluegrass mixture dues to rapidly 
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released nitrogen. Little information is available on the effect of organic fertilizer on the 
fertility of low - cut, high maintenance turfgrasses that are used on golf course greens, 
tees and fairways. The objective of this study was to evaluate turfgrass response under 
sole organic nitrogen fertilizer sources on different soil profiles compared with a 
synthetic organic fertilizer. 
Materials and Methods 
Growth Chamber Study 
Growth chamber experiments were conducted in 2001 at the Plant and Soil 
Sciences Department, University of Massachusetts, Amherst to evaluate the response of 
Penncross creeping bentgrass (Agrostis palustris Huds.) to different natural organic 
fertilizers and a synthetic organic fertilizer. The growth room was maintained at 22 °C 
with incandescent light on a 16/8 diumal/light cycle. The study was carried out using 
D40 Deepots (cell diameter 6.4 cm and cell depth 25 cm) (Hummert International, MO). 
Penncross creeping bentgrass was used in this experiment and mown at 1.25 cm. 
Three soil profiles were selected in this study. A USGA sand (OC 0.48%), a 70% 
USGA sand mixed with 30% native soil (by volume)(OC 0.65%), and a native soil (silt 
loam) (OC 1.2%) which were taken from four-year old sites at the UMass Turfgrass 
Research Facility (South Deerfield, MA). All soils were air-dried and passed through a 2 
mm sieve to remove residual grass roots. Soils were then weighed equally and placed in 
each pot. 
A total of four natural organic fertilizers were evaluated in this study, 
SoylMicrobial: granular (G) and sprayable (F) (14-1-1, EcoOrganics, Inc. Amherst, MA), 
Milorganite (6-2-0, Milorganite, Milwaukee, WI), NatureSafe (8-3-5, Griffin Industries 
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Inc., Cold Spring, KY)) and Scotts (29- 2-3, Scott Co. OH). Scotts is a synthetic organic 
fertilizer with 12.8% urea and 16.2% water insoluble nitrogen (WIN) as triazone. 
Milorganite is activated sewage sludge (5.25% WIN and 0.75% water soluble N) and 
SoylMicrobial (F is flowable and G is granular) is isolated soy protein that is 100 % 
water insoluble nitrogen as protein. NatureSafe is hydrolyzed feather meal, blood meal 
and poultry meal and has 6.8% WIN (water insoluble nitrogen) and 1.2% water soluble 
N. Fertilizers were applied at two frequencies, 12 kg N ha'1 every 7 and 14 days. There 
were twelve replications for each treatment with total of 360 experimental pots. Four pots 
were sacrificed to measure root extension and root density for each treatment (dry 
weight) one, two and three months after treatment (MAT). 
Creeping bentgrass was seeded at 98 kg ha'1 and allowed to establish for 2 weeks 
before fertilizer applications. Grass in each pot was uniformly mown at a 1.25 cm height 
and clippings were collected after each mowing event. Clippings were dried at 70 °C for 
24 h, weighed, and analyzed for N using the automated combustion method with a 
Macro Elemental Analyzer (Elementar vario MAX CN, Mt. Laurel, NJ). 
Field Trials 
Field experiments were conducted on an active golf course fairway in July Aug. 
and Sept. 2001, and 2002 at the Crumpin Fox Golf Club (Bernardston, MA 01337) and in 
July Aug. and Sept. 2002 at the Hickory Ridge Country Club (Amherst, MA 01002). The 
experiment design was same as outlined in Chapter 2. Three fairways for each site were 
used for replication purposes. The soil at the Crumpin Fox Golf Club is a sand and at the 
Hickory Ridge Country Club a silty loam. The fairways are Kentucky bluegrass mown at 
1.25 cm. Experimental plots were 2 m x 15 m and treatments were applied at a rate of 24 
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kg ha'1 every two weeks. Turfgrass quality was read every two weeks on a visual scale 
from 1 to 9 with 9 being perfect turf (National Turfgrass Evaluation Program). Disease 
incidence was recorded as percent of infected area. 
Results 
Growth Chamber Experiment 
The effects of fertilizer type, soil profile and fertilizer application frequency on 
cumulative clipping yields and root biomass of creeping bentgrass are shown in Table 
3.1. As expected, all treatments had interactively significant differences for clipping 
yields and root biomass (Table 3.2). 
Clipping Yields 
Fertilizer application frequency significantly affected cumulative clipping yields 
on all three soil profiles for all three sampling periods (Figure 3.1). Clipping yields 
increased from 40% to 53% with increasing application frequency from bi-weekly to 
weekly. Among soil profiles, the greatest clipping yields occurred on the native soil 
profile at both fertilizer application frequencies and on all sampling dates. The lowest 
clipping yields were observed on the USGA sand soil profile at both application 
frequencies at 1 and 3 month after treatment (MAT) (Figure 3.1). On the second MAT, 
y „ 
clipping yield on the USGA sand profile was higher than on mixed soil. 
The interaction between fertilizer and application frequency was significant 
(Figure 3.2). As expected, fertilizer application frequency had a significant effect on 
clipping yields under each individual fertilizer treatment. Among different fertilizer 
treatments, significant differences of clipping yield were observed with the highest 
cumulative yields for the Scotts treatment (liquid synthetic organic fertilizer) and the 
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lowest clipping yields for the Milorganite organic treatment. Clipping yields of 
SoylMicrobial (F), SoylMicrobial (G) and NatureSafe were between the high and low 
levels with no significant differences. The same trends were observed on three different 
sampling dates except the second MAT of bi-weekly fertilizer application (Figure 3.2). 
Due to the highly significant interaction between fertilizer treatments and soil 
profiles, stratified data by soil profile are shown in Tables 3.3 to 3.5. 
USGA Sand 
Highest clipping yields were associated with the Scotts treatment compared to 
Milorganite and NatureSafe on all three month samplings for bi-weekly applications. 
There was no clipping yield difference between the Scotts and SoylMicrobial treatments 
except on the first MAT (Tables 3.3 to 3.5). Similar results were observed for weekly 
fertilizer applications (Tables 3.3 to 3.5). 
Mixed Soil Profile 
Similar trends were observed with the mixed soil as on the USGA sand profile. Of 
all three MAT, the Scotts treatments provided the highest clipping yields and Milorganite 
treatments had the lowest clipping yields (Tables 3.4, 3.5 and 3.6). These differences 
were statistically significant except between SoylMicrobial and Milorganite on the 
% 
second MAT with bi-weekly fertilizer applications and differences between NatureSafe 
and Milorganite with bi-weekly fertilizer applications on all three month samplings. 
There were no clipping yield differences between SoylMicrobial sprayable and granular 
except with weekly fertilizer applications on the first MAT (Table 3.4). 
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Native Soil Profile 
There were significant differences of clipping yield among fertilizer treatments 
for weekly fertilizer applications and no differences in clipping yields for bi-weekly 
fertilizer applications (Tables 3.3 to 3.5). Weekly application of Milorganite resulted in 
lower clipping yields than the other four fertilizer treatments on the first MAT. There 
were no differences in clipping yield among SoylMicrobial (F), SoylMicrobial (G), 
Scotts and NatureSafe fertilizer treatments (Table 3.3). On the second MAT, Scotts 
treatment provided the highest clipping yield with NatureSafe and Milorganite having the 
lowest yields. SoylMicrobial treatments were midway between the high and low (Table 
3.4). At third MAT, significantly higher clipping yields were observed on the Scotts 
treatment with no differences among other treatments except between SoylMicrobial and 
Milorganite (Table 3.5). 
Root Growth 
Effects of fertilizer application frequency on root biomass varied with soil profile 
and sampling month. Increasing fertilizer application frequency increased root biomass 
on the first MAT on native soil and second MAT with the mixed soil profile (Figure 3.3). 
Root biomass decreased with increasing fertilizer application frequency the first MAT on 
mixed soil, and the third MAT for USGA sand. There were no differences in root 
biomass on the other treatments between fertilizer application frequencies (Figure 3.3). 
Overall, creeping bentgrass grown on native soil and mixed soil profiles had a higher root 
biomass compared to the USGA sand profile for the first and third MAT. No root 
biomass differences were observed between native soil and mixed soil profiles on all 
sampling months. 
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Figure 3.4 illustrates the effects of fertilizer and fertilizer application frequency. 
Increased bentgrass root biomass occurred with the NatureSafe treatment with increasing 
fertilizer application frequency during all three sampling months. Root biomass of the 
Scotts treatment was increased on the second MAT and reduced on the third MAT by 
increasing application frequencies. No differences were observed for other treatments on 
all three sampling months. 
Root biomass results classified by soil profiles are shown on Tables 3.6 to 3.8. On 
the USGA sand profile, NatureSafe, Scotts and SoylMicrobial (F) treatments provided a 
higher root biomass than Milorganite and SoylMicrobial (G). NatureSafe did not perform 
as well as Scotts and SoylMicrobial (F) treatments on the first MAT for bi-weekly 
applications, 
On mixed soil profiles, Scotts treatment had the highest root biomass and 
Milorganite the lowest with bi-weekly applications on the first MAT (Table 3.6). The 
difference narrowed as the experiment proceeded. On third MAT, no differences were 
observed among fertilizer treatments (Table 3.8). A similar trend was observed for 
weekly fertilizer applications. NatureSafe and Scotts treatments had the highest root 
biomass, Milorganite and SoylMicrobial (G) had lowest root biomass and SoylMicrobial 
(F) remained in between for the first MAT (Table 3.6). At third MAT, NatureSafe had a 
higher root biomass compared to the other four fertilizer treatments (Table 3.8). No 
difference of root biomass was observed on native soil profiles at either application 
frequency for the entire experimental period (Tables 3.6 to 3.8). 
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N Uptake 
Nitrogen uptake was measured on the third MAT with the highest N uptake 
associated with higher fertilizer applications. N uptake increased in the order of profiles: 
USGA sand < mixed soil < native soil (Table 3.9). 
When applied bi-weekly, all five fertilizer treatments had a similar N uptake on 
the USGA sand as did the native soil. On the mixed soil, the Scotts treatment had the 
highest N uptake. When applied weekly, the Scotts treatment had significantly higher N 
uptake with Milorganite and NatureSafe treatments having lower N uptake for all three 
soil profiles. SoylMicrobial (F) and SoylMicrobial (G) performance varied with soil 
profile. On the USGA sand profile, both were as high as the Scotts treatment. On mixed 
and native soils, both had lower N uptake than the Scotts treatment but higher N uptake 
compared to Milorganite and NatureSafe treatments. 
Clipping N content is shown on Table 3.10. Higher tissue N contents were 
associated with higher fertilization rate and tissue N content increased in order of soil 
profile, USGA sand < mixed soil < native soil. SoylMicrobial (G) treatment led to the 
highest N content for all soil profiles and all fertilizer application frequencies. Tissue N 
of the other four fertilizers did not have a clear, consistent pattern. 
Field Trials 
Turfgrass Quality 
Turf grass quality was measured during the 2001 and 2002 summer season on a 
golf course fairway (Table 3.11 and 3.12). All fertilizer treatments provided uniform and 
acceptable turfgrass quality for the entire two year field trial. Scotts liquid synthetic 
organic fertilizer produced the best overall turfgrass quality, although statistical 
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differences were only observed for the first month with SoylMicrobial equaling to the 
Scoot inorganic treatments for the 2001 season. 
Discussion 
Five N sources were evaluated on three different soil profiles at two application 
frequencies in both a growth chamber and field study. The difference in this research 
compared to other reports (Davis and Demoeden, 2002; Liu et al., 1995; Agnew, 1992; 
Gosselin and Nome, 1996) is that N was applied at a rate and frequency appropriate for 
putting greens in the New England region. For example, N was applied at 12 kg/ha every 
7 days and 14 days which was more frequent than other reports. The three soil profiles 
compared in this study represent different soil mediums used on golf courses throughout 
the country. 
Nitrogen released from organic fertilizer is completely dependent upon soil 
microbial decomposition. Therefore, soil microbial properties, fertilizer characteristics, 
environmental factors, and application rate would be the major influences on turfgrass 
performance. The three soils used in this study have different biological properties with 
native soils having naturally higher microbial populations compared to the USGA sand 
since microbes are associated with the clay and mineral fractions in soil (Sessitsch et al, 
2001; Monrozier et al., 1991) and, as such higher mineralization rates occur on native 
soil. Results from this study supported the concept that clipping yields and N uptake were 
the highest on native soils and lowest for USGA sand profiles. Additionally, an average 
of 46% increase in total clipping yields from bi-weekly to weekly fertilizer applications 
was observed. However, total clipping N recovery was about 40% and 49% for bi-weekly 
and weekly fertilizer application, respectively suggesting that N use efficiency was higher 
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on a bi-weekly fertilizer schedule indicating higher mineralization rates for bi-weekly 
fertilizer applications. 
The above results were supported by the response of each individual fertilizer on 
different soil profiles. There were no clipping yield differences between each fertilizer 
treatment at the bi-weekly application for native soils, but significant clipping differences 
were observed for mixed soil and USGA sand profiles (Table 3.3 to 3.5). Only one minor 
difference was observed between Milorganite and other treatments on the first MAT with 
more differences occurring between fertilizer treatments on the second and third MAT for 
weekly fertilizer applications on native soil (Table 3.3 to 3.5). These results indicate that 
N released by microbial activity was the major factor contributing to improved turf 
quality on native soil profiles, and is consistent with the release characteristics of each 
fertilizer. The urea in Scotts liquid fertilizer is a soluble source that generally produced 
the more rapid and the highest clipping yields. Milorganite has a more complex organic 
structure and a higher C/N ratio (about 12) and is, therefore, slowly mineralized (Agnew, 
1992). The immobilization of N or lack of appreciable mineralization of N from 
Milorganite was likely a major factor contributing to lower clipping yields when 
compared with other sources. NatureSafe fertilizer exhibited similar results (C/N ratio = 
8). SoylMicrobial is 100 % water insoluble nitrogen, but is comprised of simple 
molecules of protein and with a much lower C/N ratio (about 1.5) making it more rapidly 
mineralized by microorganisms in soil. SoylMicrobial is commonly used as a source for 
industrial microbial culture. 
Clipping yields on mixed soils were consistent to those of native soil, but not 
USGA sand. Overall, there were no differences between the Scotts and SoylMicrobial 
56 
treatments on USGA sand (Tables 3.3 to 3.5). USGA sand contains less total microbial 
population compared with mixed and native soils. N availability is the major factor 
determining turfgrass growth and, as such, the difference in clipping yields between the 
Scotts inorganic treatment and the natural organic fertilizer treatments should be large. 
These results could be explained by potentially higher leaching that could have occurred 
with the Scotts treatment (content 12.6% urea) on USGA sand columns, especially with 
daily irrigation events. High sand contents in soil increase N leaching (Petrovic, 1990; 
Balogh and Watson, 1992) due to less retention of nutrients and a higher infiltration rate. 
SoylMicrobial (F) treatment was applied as a water suspension and SoylMicrobial (G) 
treatment was applied as a granular. There were no differences of clipping yields between 
these two fertilizer sources which had greatly different surface areas. It is likely that this 
product (as a flowable or granular) is much more easily decomposed. In addition, there 
were no significant of N uptake differences between SoylMicrobial (F) and 
SoylMicrobial (G), and N uptake recovery from clipping was about 53%, 49% and 48% 
for SoylMicrobial (G), Scotts, SoylMicrobial (F), respectively. Therefore, the results 
indicate that granular SoylMicrobial had higher N use efficiency compared to the 
flowable application on USGA sand profiles with weekly applications. 
Root biomass generally decreases with increasing N application rates. The results 
of this study were not consistent with this concept, especially on mixed soil profile. Five 
of nine data points of root biomass showed no differences between two application 
frequencies. Overall, mixed and native soil profiles produced more root biomass than 
USGA sand. Figure 3.5 shows root distribution and extension in soil columns. Turf 
grown on native soil had shallow but dense roots on the upper layer of soil. Turf roots 
57 
were longer and less dense on mixed soils and USGA sand. Better root growth on the 
mixed soil may be explained by the fact that mixed soil has more gas exchange compared 
to the native soil, and had higher a soil content compared to USGA sand. 
Most tissue N contents in this study were below the recommended sufficiency 
ranges (4.0 to 5.0%) for creeping bentgrass (Campbell and Plank, 2000) (Table 3.10). 
Plant available N may be lower than turfgrass needs according to the literature if N 
mineralization rates of composted fertilizer is near 10% (Hadas and Portnoy, 1994; Tester 
et al, 1977). However, tissue N content was greater than 3.5% for all treatments with 
weekly fertilizer applications and there were no obvious N deficiencies during the 
experiment. The combined clippings of each mowing event of the three month 
experiment period used in tissue N analysis could be the reason. Mineralization rates in 
this study are possibly high due to higher total N contents (> 6%) and lower C/N ratios of 
fertilizers compared to other studies with 2% N compost fertilizer (Hadas and Portnoy, 
1994; Tester et al, 1977). N uptake was calculated by tissue N and total clipping weight. 
N uptake matched well with clipping yields results. 
Field data indicate that the initial response of each fertilizer treatment had a 
significant effect on turfgrass quality but no differences were observed the first MAT. 
Suppression of some turf diseases by organic fertilizers or amendments has been reported 
(Liu et al, 1995; Nelson and Craft, 1991, Craft and Nelson, 1996; Landschoot and 
McNitt, 1994). We did measure disease incidence on field trials but only once did any 
significant infections occur. One third of experimental plots were infected by dollar spot 
(Sclerotinia Homoeocarpa) and no differences were observed among fertilizer 
treatments. 
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Conclusions 
Using natural organic fertilizers as a sole N source for turfgrass management is 
not widely accepted, especially on high maintenance turf due to low N contents and slow 
turfgrass response. Results from this study showed that at least one natural organic 
fertilizer -SoylMicrobial can maintain the same turfgrass response as synthetic organic 
fertilizer- Scotts on USGA sand. On native and mixed soil profiles, turfgrass response 
was associated with fertilizer characteristics and application frequencies. Overall, 
SoylMicrobial provided sufficient N for acceptable turfgrass growth. Milorganite was 
ineffective as a sole turfgrass fertilizer. These results suggested that selected natural 
organic fertilizers can be used as a sole source for turfgrass fertility and the application 
rates and frequencies need to be adjusted for the different soil profiles. 
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Table 3.1. Mean squares from ANOVA and the effect of organic fertilizers, soil profiles, 
and fertilizer application frequencies on clipping yields and root biomass of creeping 
bentgrass in growth chamber experiment (2001). 
Source 
u- 
Clipping yield (g/pot) Root biomass (g/pot) 
Treatments 
Fertilizer (F) *** *** 
Application *** *** 
Frequency (AF) 
Soil (S) *** *** 
Sampling date (T) *** *** 
F x AF *** *** 
FxS *** *** 
FxT *** *** 
AF x S *** *** 
AF x T *** *** 
SxT *** *** 
F x AF x S *** *** 
F x AF x T *** *** 
F x S x T *** *** 
AF x S x T *** *** 
F x AF x S x T NS NS 
#NS, *, **, *** Nonsignificant or significant at P- 0.05, 0.01 or 0.001, respectively. 
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Table 3.3 Effects of fertilizer sources and application frequencies on creeping bentgrass 
clipping yields under different soil profiles (1 MAT). 
Fertilizer Type USGA Sand Mix Native Soil 
Bi-Weekly Weekly Bi-Weekly Weekly Bi-Weekly Weekly 
SoylMicrobial 
(F) 
0.093a 0.153b 
(g/pot) 
0.114b 0.256a 0.152 0.258a 
SoylMicrobial 
(G) 
0.083ab 0.146b 0.106b 0.185bc 0.139 0.293a 
Scotts 0.094a 0.200a 0.147a 0.262a 0.149 0.294a 
Milorganite 0.058b 0.098c 0.058c 0.159c 0.121 0.203b 
NatureSafe 0.060b 0.121bc 0.064c 0.206b 0.149 0.273a 
Significance + + + + + ns + 
Mean* 0.078b 0.144a 0.098b 0.210a 0.142b 0.260a 
0.11c 0.16b 0.20a 
+mean separation by bonferroni (P = 0.05). ns means non-significant difference. 
*mean separation with row by Duncann’s new multiple range test (P = 0.05). 
Table 3.4 Effects of fertilizer sources and application frequencies on creeping bentgrass 
clipping yields under different soil profiles (2 MAT). 
Fertilizer Type USGA Sand Mix Native Soil 
Bi-Weekly Weekly Bi-Weekly Weekly Bi-Weekly Weekly 
SoylMicrobial 0.217ab 0.406ab 
(g/pot) 
0.184b 0.354b 0.295 0.548b 
(F) 
SoylMicrobial 0.214ab 0.422a 0.179b 0.336b 0.311 0.555b 
(G) 
Scotts 0.248a 0.457a 0.251a 0.527a 0.367 0.684a 
Milorganite 0.158b 0.286c 0.151b 0.268c 0.296 0.414c 
NatureSafe 0.158b 0.357b 0.159b 0.306bc 0.324 0.504c 
Significance + + + + + ns + 
Mean* 0.20b 0.39a 0.18b 0.36a 0.32b 0.54a 
0.29b 0.21c 0.43a 
+mean separation by bonferroni (P = 0.05). ns means non-significant difference. 
*mean separation with row by Duncann’s new multiple range test (P = 0.05). 
62 
Table 3.5 Effects of fertilizer sources and application frequencies on creeping bentgrass 
clipping yields under different soil profiles (3 MAT). 
Fertilizer Type USGA Sand Mix Native Soil 
Bi-Weekly Weekly Bi-Weekly Weekly Bi-Weekly Weekly 
(g/pot) 
SoylMicrobial 0.275b 0.633ab 0.312b 0.693b 0.405 0.759b 
(F) 
SoylMicrobial 0.308ab 0.652a 0.304b 0.654b 0.432 0.695bc 
(G) 
Scotts 0.358a 0.679a 0.439a 0.868a 0.469 0.897a 
Milorganite 0.199c 0.390c 0.215c 0.449c 0.368 0.573c 
Natu reSafe 0.258bc 0.554b 0.253bc 0.627b 0.415 0.661 be 
Significance + + + + + ns + 
Mean* 0.28b 0.58a 0.30b 0.66a 0.42b 0.72a 
0.45c 0.51b 0.59a 
+mean separation by bonferroni (P = 0.05). ns means non-significant difference, 
♦mean separation with row by Duncann’s new multiple range test (P = 0.05). 
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Table 3.6 Effects of fertilizer sources and application frequencies on creeping bentgrass 
root biomass under different soil profiles (1 MAT). 
Fertilizer Type USGA Sand Mix Native Soil 
Bi-Weekly Weekly Bi-Weekly Weekly Bi-Weekly Weekly 
SoylMicrobial 0.28ab 0.28ab 
(g/pot) 
0.36ab 0.29b 0.35 0.36 
(F) 
SoylMicrobial 
(G) 
0.24bc 0.25b 0.3 lbc 0.22c 0.27 0.32 
Scotts 0.32a 0.34a 0.43a 0.37a 0.26 0.38 
Milorganite 0.22c 0.24b 0.27c 0.27bc 0.26 0.35 
Naturesafe 0.23c 0.3 lab 0.35b 0.36a 0.27 0.39 
Significance ns ns 
Mean* 0.26 0.28 0.34a 0.30b 0.28b 0.36a 
0.27b 0.32a 0.32a 
+mean separation by bonferroni (P = 0.05). ns means non-significant difference. 
*mean separation with row by Duncann’s new multiple range test (P = 0.05). 
Table 3.7 Effects of fertilizer sources and application frequencies on creeping bentgrass 
root biomass under different soil profiles (2 MAT). 
Fertilizer Type USGA Sand Mix Native Soil 
Bi-Weekly Weekly Bi-Weekly Weekly Bi-Weekly Weekly 
SoylMicrobial 0.54ab 0.5 lbc 
(g/pot) 
0.47ab 0.52bc 0.51 0.47 
(F) 
SoylMicrobial 0.44bc 0.37d 0.44ab 0.41c 0.44 0.48 
(G) 
Scotts 0.57a 0.59a 0.53a 0.70a 0.46 0.48 
Milorganite 0.42c 0.45c 0.44b 0.43c 0.52 0.55 
NatureSafe 0.49abc 0.58ab 0.5 lab 0.63ab 0.49 0.56 
Significance ’ ns ns 
Mean* 0.49 0.50 0.48b 0.54a 0.48 0.51 
0.50 0.52 0.50 
+mean separation by bonferroni (P = 0.05). ns means non-significant difference. 
*mean separation with row by Duncann’s new multiple range test (P = 0.05). 
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Table 3.8 Effects of fertilizer sources and application frequencies on creeping bentgrass 
root biomass under different soil profiles (3 MAT). 
Fertilizer Type USGA Sand Mix Native Soil 
Bi-Weekly Weekly Bi-Weekly Weekly Bi-Weekly Weekly 
SoylMicrobial 0.61b 0.59ab 
(g/pot) 
0.77 0.71b 0.82 0.74 
(F) 
SoylMicrobial 0.69ab 0.46c 0.68 0.63b 0.75 0.84 
(G) 
Scotts 0.79a 0.71a 0.80 0.74b 0.81 0.63 
Milorganite 0.59b 0.53bc 0.64 0.78b 0.71 0.73 
Natures afe 0.74ab 0.67a 0.76 1.06a 0.73 0.91 
Significance * ns + ns ns 
Mean* 0.69a 0.59b 0.73 0.78 0.76 0.77 
0.63b 0.76a 0.77a 
+mean separation by bonferroni (P = 0.05). ns means non-significant difference. 
*mean separation with row by Duncann’s new multiple range test (P = 0.05). 
65 
Table 3.9 Effects of fertilizer sources and application frequencies on creeping bentgrass 
N creake under different profiles (3 MAT). 
Fertilizer Type USGA Sand Mix Native Soil 
Bi-Weekly Weekly Bi-Weekly Weekly Bi-Weekly Weekly 
SovlMicrobial 6.8 24.4a 
(N mg/pot) 
8.4b ~ 25.8b 12.8 28.4b 
(F) 
SovlMicrobial 9.3 26.9a 9.5ab 27.3b 15.0 27.0b 
(G) 
Scotts 9.4 24.9a 12.6a 34.3a 15.5 34.5a 
Milorganite 5.5 13.7c 5.9b 16.0d 12.2 21.4c 
NatureSafe 7.0 20.8b 7.0b 23.2c 14.2 24.1bc 
Significance * ns + + + ns + 
Mean* 7.6b 22.1a 8.7b 25.3a 13.9b 27.1a 
14.8c 17.0b 20.5a 
-mean separation by bonferroni (P = 0.05). ns means non-significant difference. 
*mean separation with row by Duncann's new multiple range test (P = 0.05). 
Table 3.10 Effects of fertilizer sources and application frequencies on creeping bentgrass 
clipping N content under different profiles (3 MAT). 
Fertilizer Tvpe USGA Sand Mix Native Soil 
Bi-Weekly Weekly Bi-Weekly WTeekly Bi-Weekly Weekly 
(N%) 
SovlMicrobial 2.47c 3.85ab 2.70b 3.77abc 3.16b 3.73bc 
(F) 
SovlMicrobial 3.01a 4.03a 3.13a 4.03a 3.47a 3.88ab 
(G) 
Scotts 2.62bc 3.67bc 2.87b 3.89ab 3.31ab 3.97a 
Milorganite 2.8 lab 3.52c 2.74b 3.52c 3.3 lab 3.63c 
NatureSafe 2.70bc 3.66bc 2.75b 3.67bc 3.4 lab 3.69bc 
Significance * + + 
Mean* 2.72b 3.75a 2.84b 3.78a 3.33b 3.78a 
3.23c 3.31b 3.56a 
—mean separation by bonferroni (P — 0.05). ns means non-significant difference. 
*mean separation with row by Duncann's new multiple range test (P = 0.05). 
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Table 3.11. Turfgrass quality on golf course fairway under different organic fertilizer 
treatments (2001) 
Treatment Date 
7/17 7/24 8/7 8/24 9/2 9/17 
SoylMicrobial 
(F) 
7.42 7.42 7.08 6.92 7.50 7.42 
SoylMicrobial 
(G) 
6.75 7.25 6.83 6.92 7.25 7.33 
Scotts 7.67 7.42 7.17 7.17 7.50 7.75 
Milorganite 6.67 7.00 7.00 6.83 7.17 7.33 
NatureSafe 6.67 7.00 6.92 6.83 7.17 7.33 
LSD (P = 0.05) 0.35 0.29 0.56 0.29 0.38 0.38 
Table 3.12. Turfgrass quality on golf course fairway under different organic fertilizer 
treatments (2002) 
Treatment Date 
6/18 7/16 8/20 9/18 
SoylMicrobial 
(F) 
7.00 6.75 6.40 6.50 
Scotts 7.25 6.83 6.50 6.67 
Milorganite 6.33 6.50 6.33 6.25 
NatureSafe 6.33 6.50 6.25 6.25 
LSD (P = 0.05) 0.25 0.35 0.33 0.57 
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Figure 3.5 Root distribution on different soil profiles under different fertilizer 
treatments. 
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CHAPTER 4 
POTENTIAL EFFECT OF DISSOLVED ORGANIC MATTER ON PESTICIDE 
SORPTION AND LEACHING ON TURF 
Abstract 
Incorporation of organic fertilizers/amendments has been, and continues to be, a 
popular strategy to reduce environmental impacts by pesticide and nitrate leaching. 
Dissolved organic matter (DOM) derived from these materials may, however, facilitate 
organic chemical movement through soils. Batch equilibrium techniques were used to 
evaluate relative effects of organic fertilizer-derived DOM on sorption of three organic 
chemicals (2,4-D, naphthalene and chlorpyrifos) in USGA sand, mix soil (70% USGA 
sand and 30% native soil) and silt loam soils. Column experiments were performed using 
USGA sand and DOM was extracted from two commercial organic fertilizers 
(NatureSafe 8-3-5 and Milorganite 6-2-0). Surface tension decreased with increasing 
DOC concentrations and sorption capacity was significantly reduced with additional 
DOM in solution for all three chemicals. The higher the concentration of DOC in 
solution, the more sorption was reduced. Column experiment results were consistent with 
batch equilibrium results suggesting that organic fertilizer-derived DOM might lead to 
enhanced transport of applied chemicals in soil. 
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Introduction 
Pesticides have been detected in groundwater throughout the USA (USEPA, 
1986) and have been a focal point for environment scientists. Turfgrass, areas such as 
golf courses, parks, and home lawns, are believed to be the most intensively managed 
systems requiring a very high input of synthetic chemicals and water. An alternative 
management strategy must be developed to reduce chemical use. Incorporation of organic 
fertilizers to turfgrass management programs is one of the most important practices of 
Integrated Pest Management (IPM). Organic fertilizers and amendments not only provide 
a number of benefits to soil ecosystems such as improving soil physical, chemical and 
biological properties, but also may reduce environmental impact by applied pesticides 
while having a certain degree of disease control (Nelson and Craft, 2000). Deburt (1990) 
reported that as low as 1.0 to 1.5% of organic matter in soil reduced pesticide leaching. 
However, in addition to solid organic matter, the incorporation of organic 
amendments/fertilizers also introduces soluble -dissolved organic matter (DOM). 
Research in agricultural soils has shown that fertilization with organic materials can 
increase the concentration of water-extractable organic carbon (Rochette and Gregorich 
1998; Gregorich et al., 1998). DOM is considered a environmental amphiphile and is 
very similar structurally and functionally with surfactants which can enhance solubility of 
poorly water-soluble compounds (Kile and Chiou, 1989; Cho et al. 2002). One potential 
consequence of this practice is the enhanced chemical transport by DOM from applied 
organic materials. Dunnivant et al. (1992) reported that dissolved organic C can readily 
move through soil columns without preferential flow pathways. Therefore, DOM can 
serve as a carrier in soil solutions that could result in the rapid flow of organic chemicals 
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through soil profiles. Nelson et al. (1998) reported that leaching rates of napropamide 
from sewage sludge amended soil was twice as great as that of none sewage sludge 
amendments due to enhanced transport by sewage sludge-derived DOM in column 
experiments. Similar results were reported by Petrovic and his co-works in a field 
lysimeter study in that addition of peat amendments to sand based putting greens results 
in a 55% increase in fungicide (metalaxyl) leaching compared with sand alone (Petrovic 
et al., 1996). 
Most research on the effects of DOM on pesticide sorption is focused on sewage 
sludge as a soil amendment to agricultural soils to minimize landfill disposal. No reports 
of DOM affects on turfgrass systems. The organic fertilizers/amendments used in the turf 
industry are derived from bone meal, blood meal, feather meal, soy flour, fish meal, 
compost, sewage sludge and humic substances, or combination of the above. Further, soil 
profiles on highly managed golf greens and tees consist of a high percentage of sand with 
low organic matter contents (UGSA, 1993), but requires high frequencies of irrigation 
and fertilization. A high degree of uniformity and high shoot and root density, all make 
the turfgrass ecosystem very unique. The objective of this research was to evaluate the 
potential effect of organic fertilizer derived-DOM on pesticide sorption and transport in 
turf soils. 
Materials and Methods 
Dissolved Organic Matter Extraction 
DOM was extracted from two commercial organic fertilizers (Milorganite 6-2-0, 
Milwaukee Metropolitan Sewerage District, Milwaukee, WI and NatureSafe 8-3-5, 
Griffin Industries, Inc., Cold Spring, KY) (Table 1) by 0.01 M CaCf solution with a solid 
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to solution ratio of 1:10 (w/v). After mixing for 30 min by a Gyrotory Shaker (New 
Brunswick Scientific Co., Edison, NJ) at 200 rpm, the samples were centrifuged at 1,500 
x g for 30 min to facilitate infiltration. The supernatant was then filtered through 
nitrocellular filter papers with a pore size of 0.45 pm (Millipore Inc., Bedford, MA). 
DOM concentration was measured using a Shimadzu TOC-5000A total organic carbon 
(TOC) analyzer (Shimadzu Scientific Instruments, Columbia, MD) (Reckhow, 2002). 
Various dilutions were made prior to subsequent uses. 
Surface Tension measurements 
A du Nouy plate digital tensiometer (Kruss, USA) was used to measure the 
decrease of surface tension with increasing DOM concentrations (Guetzloff and Rice, 
1996). The plate was rinsed with deionized distilled water after each measurement and 
then held in a flame until glowing red. The average of duplicate measurements is 
reported. 
Sorption Study 
Sorbents 
A USGA sand sample (0.48% OC) and a mixed soil sample (30% native soil and 
70% USGA sand) (0.65% OC) were taken from two different 4-year-old USGA putting 
greens at the Turfgrass Research Facility, University of Massachusetts at Amherst. The 
composition of root zone mixture sand fits USGA specifications for putting green 
construction (USGA, 1993). A silt loam soil sample (16% sand, 63% silt and 21% clay) 
was collected from Orchard Hill, Amherst, MA (7.8% OC). Soil samples were air dried 
and passed through a 2 mm sieve before any experimental use. 
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Sorbates 
Three chemicals were used in this research. [Ring-UL-l4C] 2,4- 
dichlorophenoxyacetic acid (2,4-D) and the non-radioactive chemical were obtained from 
Aldrich Chemical Co. (St. Louis, MO). 14C Radioactive Dursban (chlorpyrifos) (0,0- 
diethyl 0-3,5,6-trichloro-2-pyridinyl phosphorothioate) and the non-radioactive chemical 
were obtained from Dow AgroScience, L.L.C. (Indianapolis, IN). These two pesticides 
are commonly used on golf course management programs for insect and weed control. 
Chlorpyrifos is of very low water solubility (1.5 mg l'1) and 2,4-D is of relatively high 
water solubility (620 mg l1). [Ring-UL-l4C]- naphthalene and the non-radioactive 
chemical were obtained from Aldrich Chemical Co. (St. Louis, MO). Naphthalene is a 
model compound for sorption study and has a solubility of 31.7 mg l'1 (Xing, 1997). 
Sorption Experiments 
All sorption experiments were conducted using a batch equilibration technique 
(Xing and Pignatello, 1997) in 8-ml screw-cap vials (minimal headspace) with Teflon- 
lined septa. The background solution (pH 7.0) was 0.01 M CaCL in deionized distilled 
water containing 200 mg l'1 HgCL as a biocide. Mercury chloride has been effectively 
used to inhibit microbial growth in sorption studies (Xing, 2001). Concentrations ranged 
from 0.008 to 1 mg l'1 for chlorpyrifos, from 0.4 to 450 mg l'1 for 2,4-D, and from 0.01 to 
15 mg L1 for naphthalene, respectively. Due to the low solubility, chlorpyrifos and 
naphthalene were dissolved in methanol and then added into the background solution (the 
total methanol concentration in background solution did not exceed 0.1% by volume). 
2,4-D was dissolved directly into the background solution. The quantity of sorbents was 
adjusted to maintain sorption of sorbates between 30 and 80%. Each isotherm consisted 
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of ten concentration points and each point was duplicated. Two blanks without sorbent 
were run for each concentration point. Chemical suspensions of sorbents and sorbates 
were shaken in hematology mixers (Fisher Scientific Co., Springfield, NJ) giving 
rocking-rotating motions for 3 d at 23 ± 1 °C. A preliminary sorption experiment showed 
that sorption reached apparent equilibrium before 3 d. After 3 d mixing, the vials were 
centrifuged at 1000 x g for 30 min and 1 ml of supernatant was sampled for liquid 
scintillation counting (Beckman LS 6500). 
Sorption experiments with DOM were performed using the same procedures as 
the above except with addition of DOM in the background solution. DOM extracted from 
the organic fertilizers was diluted with background solution to a final TOC concentration 
of 120 mg l'1 and 60 mg l'1, respectively. 
Data Analysis 
All sorption equilibrium data were fit using by the log-transformed Freundlich 
equation: 
log S = log Kf + N log Ce 
where S is the solid-phase concentration (mg kg'1), Ce is aqueous-phase solute 
concentrations (mg l'1), and KF [(mg kg'1)(mg r') A ] and N are constants. The parameters 
were determined by log-transformed data fitting. Because of nonlinearity (i.e., N < 1), KF 
cannot be properly compared due to different units (Chen et al., 1999). To facilitate direct 
comparison of sorption affinities among the samples, organic carbon normalized single 
concentration point distribution coefficient values [Koc - (S/Ce)/foc\ at several equilibrium 
concentrations (Ce) were calculated. This was done by calculating the S values 
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corresponding to the individual Ce from the respective best-fit Freundlich isotherms (Li et 
al., 2000). 
Leaching Experiments 
USGA sand (0.48% OM) taken from a 4-year old USGA putting green root zone 
mixture at UMASS Turfgrass Research Facility was packed into glass columns (10 cm x 
30 cm) with a bulk density about 1.34 kg l'1. The column was pre-saturated with 0.01 M 
CaCL solution and then eluted with 2 pore volumes of this solution to reach a constant 
flow rate, about 1.0 ml min'1. 14C labeled and unlabeled pesticide (chlorpyrifos) were 
mixed at a ratio 2:1 in 0.5 ml methanol. The solution was uniformly distributed on the top 
of each soil column and then allowed to air-dry for 2 h to evaporate methanol. A 1 cm 
layer of acid washed pure sand was then placed on the top of each column to minimize 
surface disturbance during the experiment. Columns then were eluted with different 
organic fertilizer extracts: Ml20 was 120 mg DOC l'1 Milorganite extract, N60 was 60 
mg DOC l'1 NatureSafe extract, and control was 0.01 M CaCL solution only. Column 
leachates were collected every 20 ml with glass scintillation vials for l4C activity. 
Columns were allowed leaching until approximately 1600 ml (about 8 pore volumes) 
solution passed through each column (Baskaran et al., 1996). 
At the end of the experiment, the column was allowed to drain for 1 day and 
leahcate was collected for 14C analysis. The soil in each column was divided into 10 cm 
sections, homogenized, and analyzed for 14C activity by using acetone extraction for mass 
balance calculations. All experiments were carried out using at least duplicate columns. 
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Results 
Surface Tension 
The surface tension of deionized distilled water (71.3 nN/m) did not decrease 
measurably with additions of 0.01 M CaCl2. With addition of organic fertilizer extracts 
(DOM), surface tension was significantly decreased with increasing concentration of 
dissolved organic carbon (DOC) (Figure 4.1). There were some differences in decreased 
surface tension between the two fertilizers. Surface tension with Milorganite DOM 
seemed to have an inflection point at 650 mg l'1. This point may be the critical micelle 
concentration (CMC) of Milorganite DOM. However, the surface tension constantly 
decreased for NatureSafe DOM indicating that it may need a much higher DOC 
concentration to reach its CMC. Nevertheless, the surface tension can be greatly reduced 
by both Milorganite and NatureSafe DOMs. 
Sorption Experiment 
2 
All sorption equilibrium data were fit well by the Freundlich sorption model (r > 
0.99, Tables 4.2 to 4.4). The Freundlich isotherms of chlorpyrifos were shown in Figure 
4.2 and 4.3. The parameters of chlorpyrifos sorption isotherm were given in Table 4.2. 
All data showed nonlinear isotherms (N < 1, Table 4.2). The N value was 0.955 for 
USGA sand in 0.01 M CaCl2, 0.977 with 60 mg F1 DOC of Milorganite extraction, and 
0.968 with 120 mg l'1 DOC of NatureSafe extraction. There was no difference of N value 
between 0.01 M CaCl2 with and without DOM. Because of nonliearity of sorption, 
sorption capacity Kp values of chlorpyrifos cannot directly compare due to different units. 
Thus, we compared sorption of selected concentrations using calculated Koc values (Table 
4.2). The Koc values of chlorpyrifos for USGA sand decreased in the presence of DOM 
80 
and decreased with increasing DOC concentration for both organic fertilizer extracts, e.g. 
Koc value ware 5299 at Ce concentration of 0.01 mg F1 for background solution, and 
reduced to 1796 with additional 120 mg C l-1 Milorganite extracts and to 2462 with 
additional 60 mg C P1 Milorganite extracts at Ce of 0.01 mg l'1 on USGA sand. 
Naphthalene (31.7 mg l'1) has a higher solubility than chlorpyrifos (1.5 mg l'1). As 
such, a mixed soil was used to carry out the sorption isotherm. The results are shown in 
Table 4.3. Similar to chlorpyrifos sorption data, sorption capacity was reduced with 
addition of DOM in the background solution. However, there were no significant 
differences between DOC concentration of Koc values for between various DOC 
concentrations in this study. 
Because of the high solubility of 2,4-D (620 mg 1' ) and low sorption by USGA 
sand, Amherst silt loam soil was used for 2,4-D sorption. The isotherm parameters are 
given in Table 4.4. A similar sorption trend was found for 2,4-D and chlorpyrifos. The 
Rvalues were significantly reduced with 120 mg l'1 DOC from organic fertilizers as 
compared with that in 0.01 M CaCp (Table 4.4). 
Leaching Experiment 
Breakthrough curves (BTCs) for chlorpyrifos and 0.01 M CaCp (background 
solution) are shown in Figure 4.3. As expected, chlorpyrifos leached out was delayed 
compared with BTC of 0.01 M CaCp only. This is due to adsorption of the chemical to 
USGA sand. Chlorpyrifos with DOM had earlier breakthrough and higher concentration 
as compared with the chemical in background solution alone. The summary of column 
leaching experiments is presented in Table 5. After 8 pore volumes of effluent, total 
percentage of leached out chlorpyrifos was 82.6%, 93.3% and 94.0% for 0.01 M CaCP 
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aks*- 0C 1 M CaCh with : 20 mg DOC P Milorganite extracts, and 0.01 M CaCH with 
^ DOC I Na;ure5a:e extracts, respectively. The maximum concentration of 
chioq'XTiicts m leachate increased approximately 45CT from 0.11 mg \~] to 0.16 mg I-1, 
:rcaca::r.g that DOM increased chlorpyrifos transpon in USGA sand column. 
Discussion 
Organic fertilizer water extraction (DOM) reduced surface tension, sorption of 
chk*p\mas. naphthalene and 2.4-D from the tested soils and enhanced transport of 
chkrpxTifos in USGA sand columns. These results are consistent with the negative effect 
of POM from other organic compound studies on soils (Nelson et al.. 2000: Grabber et 
a!.. 1995; Flores-Cespedes et al., 2002: Celis et al.. 1998). DOM has been reported that 
has similar characters as surfactants and has ability to lower the surface tension and 
increase the solubility of hydrophobic organic compounds (HOCs) by forming a micelle 
Chuou. 19S~: Guetzloff and Rice. 1996: Cho et al.. 2002). Increasing solubility of HOCs 
could be one of mechanisms for decreasing sorption of HOCs. The apparent solubility of 
HOCs in the presence of a micelle is many times more than HOCs in solvent alone. 
Research found that micelle formation by humic acid at a concentration 7 g l’1 and 6.8 g 1 
J for fulvic acid, respectively (Gutezloff and Rice, 1996). Such a high concentration is not 
likely to be encountered in the natural environment. Thus, other mechanisms might be 
involved in this reduction. 
Celis et al. (1998) found that the processes occurring at the soil/solution interface, 
such as competition for sorption sites on soil surface, could play a more important 
mechanism in reducing atrazine sorption on soil in presence of the DOM from liquid 
sewage sludge, solid sewage sludge and limed sewage sludge by sorption-desorption 
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studies. Additionally, high concentrations of DOM could be adsorbed on the soil surface, 
which could create additional sites for pesticide molecules and enhance adsorption (Celis, 
1998; Flores-Cespedes et al., 2002). In contrast, a research group at UC Riverside using 
the chemical napropamid with sewage sludge treated/non-treated soil found that 
napropamid moved through a soil column by DOM- pesticide complexes (Nelson, et al., 
1998; Nelson et al., 2000; Williams et al., 2002). 
The sorption process is very complex and is determined by the characteristics of 
both sorbates and sorbents. In our studies, three chemicals with different characteristics 
(solubility and polarity) showed similar results from two different DOM sources. 
Chlorpyrifos is a very hydrophobic compound with a very low solubility, thus having a 
high affinity to soils as well as DOM. Sorption of chlorpyrifos was decreased with 
increasing DOC concentration in solution, which indicated that competition for sorption 
sites might be the dominated mechanism for chlorpyrifos sorption. However, sorption on 
naphthalene with different concentrations of DOM did not show the same pattern as 
sorption of chlorpyrifos. Increasing DOC concentration in solution did not significantly 
decrease sorption of naphthalene for Milorganite extractions, even increased Koc values 
for NatureSafe extractions. This result supported that higher DOC concentration in 
solution may sorb on soil surface and creates more sorption sites for organic compounds 
(Celis et al., 1998). 
In contrast to chlorpyrifos and naphthalene, 2,4-D has very high solubility and 
polarity. Sorption of 2,4-D was decreased in presence of both organic fertilizer extracted 
DOM. Cox et al. (2001) reported that 2,4-D dissipation in sandy soils plus liquid organic 
amendment was much longer than expected and leaching of 2,4-D was not reduced with 
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the liquid organic amendment. These results were explained by a stable complex formed 
between DOM and 2,4-D that facilitated transport of 2,4-D and also protected herbicide 
molecules from soil microorganisms. For batch equilibrium sorption experiment, organic 
compounds were pre-mixed with DOM solution. So complex formation was occurred 
before sorption process, if it happens. In contrast, leaching columns study, generally, 
represents dynamic, non-equilibrium sorption and transport processes of solutes in soil. 
Chlorpyrifos was not pr-mix with DOM solution. The result of leaching experiment is 
consistent with batch sorption studies. 
Furthermore, the chemical structure from different DOM sources may show the 
difference for sorption. Huang and Lee, (2001) reported that the effects of DOM on 
sorption depended upon the polarity of DOM when DOM concentration was fixed by 
using DOM from poultry, swine, and cow waste-derived lagoon effluents. 
The phenomena of our studies showed that the effect of organic fertilizer derived- 
DOM on pesticide sorption is significant. The homogeneous in composition, origin, or 
physiochemical properties of organic fertilizers and characteristics of the chemicals, 
variable sorption is expected. Due to the complexity of sorption, we can not conclude 
which mechanisms contribute to the differences. Further study is needed to clarify the 
mechanism of DOM reducing pesticide sorption. Under natural environment, especially 
turf conditions, soil undergoes wetting and drying cycles that may result in DOM 
accumulation and enhance soil organic matter solubilization. Additionally, incorporation 
of organic fertilizer directly and indirectly increased DOM by increasing microbial 
populations and reducing thatch buildup that will contribute to the pool of DOM in soil. 
So, this issue needs to be considered for risk assessment of applied chemicals on turf. 
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Conclusions 
The increasing interest of using organic fertilizers/amendments on turf is a critical 
part of integrated pest management programs. Results from this study indicate that 
addition of DOM extracted from organic fertilizers (Milorganite and NatureSafe) applied 
on turf may reduce sorption of chlorpyrifos, naphthalene and 2,4-D by soils. The higher 
concentration of extracted DOC in solution, the more reduction of chlorpyrifos sorption. 
BTC results with or without DOM agree well with the batch equilibrium sorption data. 
These results support the idea that DOM can interact with pesticides and enhance their 
transport. Frequent fertilization events and pesticide applications are a regular practice for 
high maintenance turfgrass, especially golf greens. We recommend that organic fertilizers 
should not be applied on turf directly after pesticide application, which would reduce the 
impact of organic fertilizer - DOM facilitated transport of applied pesticides. 
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Table 4.1 Characteristics of the two organic fertilizers 
Parameter Organic fertilizer 
Milorganite NatureSafe 
pH (1:10) 6.2 6.3 
Organic carbon (%) 71 64 
DOC (%) 2.4 0.9 
C/N 12.0 8.0 
N (%) 6.0 8.0 
p2o5(%) 2.0 3.0 
K20 (%) 0 5.0 
Table 4.2 Chlorpyrifos sorption isotherm parameters of USGA sand 
Sorbent Sorption Koc (ml g'1 of OC)a 
log Kf N 
2 r Ce = 0.001 
mgr' 
Ce = 0.01 
mg l'1 
C, = 0.1 
mgr1 
USGA Sand 1.40 
(0.03 )d 
0.96 
(0.02) 
0.996 5357 5299 5240 
USGA sand 
+ M60c 
1.03 
(0.02) 
0.98 
(0.01) 
0.997 2601 2464 2335 
USGA sand 
+ M120 
0.937 
(0.03) 
1.00 
(0.04) 
0.993 1752 1796 1785 
USGA sand 
+ M240 
0.898 
(0.03) 
0.99 
(0.02) 
0.993 1791 1741 1693 
USGA sand 
+ N60 
1.03 
(0.02) 
0.92 
(0.02) 
0.991 4025 3317 2734 
USGA sand 
+ N120 
1.13 
(0.03) 
0.97 
(0.02) 
0.994 3487 3238 3007 
a Koc is organic carbon normalized sorption capacity, OC = organic carbon. b Ce is equilibrium 
solution concentration. c M240, Ml20 and M60 are 240, 120 and 60 mg DOC l'1 extracts from 
Milorganite, respectively; N120 and N60 are 120 and 60 mg DOC l'1 extracts from NatureSafe, 
respectively.d The values shown in parentheses are 95% confidence intervals. 
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Table.4.3 Naphthalene sorption isotherm parameters of mixed soil (70% USGA sand and 
30% native soil) 
Sorbent Sorption Koc (ml g-' of OC)a 
log KF N 2 r c, 
range 
(figr')b 
Ce = 0.001 
mg r' 
Ce = 0.01 Ce = 0.1 
mg l'1 mg l'1 
Mix 0.888 0.828 0.996 2-600 2249 1736 1339 
(0.02)d (0.02) 
Mix 0.780 0.903 0.996 3-700 1832 1460 1164 
+ M60c (0.02) (0.02) 
Mix 0.790 0.906 0.998 3-700 1809 1458 1175 
+ M120 (0.02) (0.01) 
Mix 0.749 0.900 0.998 3-800 1724 1368 1086 
+ N60 (0.02) (0.01) 
Mix 0.769 0.895 0.998 3-600 1865 1465 1151 
+ N120 
a is • _ • 
(0.01) (0.01) 
b ^ • a Koc is organic carbon normalized sorption capacity, OC = organic carbon. b Ce is equilibrium solution 
concentration.c Ml20 and M60 are 120 and 60 mg DOC 1' extracts from Milorganite, respectively; N120 
and N60 are 120 and 60 mg DOC l'1 extracts from NatureSafe, respectively. d The values shown in 
parentheses are 95% confidence intervals. 
Table 4.4 2,4-D sorption isotherm parameters of soil 
Sorbent Sorption Koc (ml g'1 of OC) 
a 
\ogKF N r2 Ce = 0.001 
mg r1 
C, = 0.01 
mg l'1 
Ce = 0.1 
mg r1 
Soil 0.889 
(0.0 l)d 
0.88 
(0.01) 
0.999 235 111 132 
soil + M60c 0.767 
(0.01) 
0.86 
(0.01) 
0.999 199 143 103 
soil + M120 0.822 
(0.02) 
0.89 
(0.01) 
0.998 184 143 110 
soil + N60 0.786 
(0.02) 
0.86 
(0.01) 
0.998 202 147 107 
soil + N120 
a 
0.635 
(0.01) 
0.87 
(0.01) 
0.999 136 
o
 
o
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solution concentration. c Ml20 and M60 are 120 and 60 mg DOC f1 extracts from Milorganite, 
respectively; N120 and N60 are 120 and 60 mg DOC l1 extracts from NatureSafe, respectively.d The 
values shown in parentheses are 95% confidence intervals. 
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Table 4.5 Results of column leaching experiments with chlorpyrifos and USGA sand 
Treatment Total leaching out Max. concentration Total recovery 
% mg r1 % c 
0.01 M CaCl2 82.6 
(1.0)a 
0.11 98 
93.3 0.16 101 
0.01 MCaCl2 (4.2) 
M120b 
94.0 0.16 101 
0.01 MCaCl2 (3.6) 
N60 
a The values shown in parentheses are 95% confidence intervals. Ml20 and N60 are 120 and 60 mg DOC 1 
1 extracts from Milorganite and NatureSafe, respectively.c Average values of two columns data. 
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Figure 4.1 Effects of organic fertilizer extracted dissolved organic matter 
(DOM) on surface tension 
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